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INTRODUOTORY NOTE 

About two-thirds of Illinois lies in the corn belt, where most of the prairie 
lands are black or dark brown in color. In the southern third of the state, the 
prairie soils are largely of a gray color. This region is better known as the 
wheat belt, altho wheat is often grown in the corn belt and corn is also a com- 
mon crop in the wheat belt. 

Moultrie county, representing the eorn belt; Clay county, which is fairly 
representative of the wheat belt; and Hardin county, which is taken to repre- 
sent the unglaciated area of the extreme southern part of the state, were select- 
ed for the first Illinois Soil Reports by counties. While these three county soil 
reports were sent to the Station’s entire mailing list within the state, subsequent 
reports are sent only to those on the mailing list who are residents of the county 
concerned, and to anyone else upon request. 

Each county report is intended to be as nearly complete in itself as it is 
practicable to make it, and, even at the expense of some repetition, each will 
contain a general discussion of important fundamental principles, in order to 
help the farmer and landowner understand the meaning of the soil fertility 
invoice for the lands in which he is interested. In Soil Report No. 1, ‘‘Clay 
County Soils,’’ this discussion serves in part as an introduction, while in this 
and other reports it will be found in the Appendix; but if necessary it should 
be read and studied in advance of the report proper. 


EDGAR COUNTY SOILS 
By CYRIL G. HOPKINS, J. G. MOSIER, E. VAN ALSTINE, axp F. W. GARRET 


Edgar county is located on the eastern border of the state, about central 
north and south. It lies principally in the carly Wisconsin glaciation, but the 
southern part is in the lower Illinoisan glaciation. In general topography its sur- 
face varies from flat to slightly rolling, but in the southeastern part of the county 
along Sugar creek and its branches it is quite hilly. 

The difference in topography is due to two causes—glacial action and stream 
erosion. During the Glacial period snow and ice accumulated in the region of 
Labrador and to the west of Hudson Bay to such an extent that it pushed out- 
ward from these centers, especially southward, until a point was reached where 
it melted as rapidly as it advanced. In moving across the country, the ice gath- 
ered up all sorts and sizes of material, including clay, silt, sand, gravel, ordinary 
boulders, and even immense masses of rock. Some ef these materials were carried 
for hundreds of miles and rubbed against surface rocks or against each other 
until ground into powder. When, thru the melting of the ice, the limit of 
advance was reached, the material carried by the glacier accumulated in a broad 
undulating ridge or moraine. When the ice melted more rapidly than the glacier 
advanced, the terminus of the glacier would recede and the material would be 
deposited somewhat irregularly over the area previously covered. The glacier 
receded and advanced a number of times, and with each advanee another moraine 
was formed. Two of these ice sheets, or glaciers, reached Edgar county. The 
intermorainal areas are now made up chiefly of level, undulating, or slightly 
rolling plains. 

The material transported by the glacier varied with the character of the 
rocks over which it passed. Granites, sandstones, shales, etc., were torn from 
their lodging places by the enormous denuding power of the ice sheet. and 
ground up together. A pressure of forty pounds per square inch is exerted by 
a mass of ice one hundred feet thick, and these ice sheets may have been hun- 
dreds or even thousands of feet in thickness. The material carried along in the 
iee, especially the boulders and pebbles, became powerful agents for grinding 
and wearing away the surface over which the ice passed. Preglacial ridges and 
hills were rubbed down, valleys were filled with the debris, and the surface 
features were changed entirely. The mixture of material deposited by the glacier 
is known as boulder clay, till, glacial drift, or simply drift. 
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GLACIATIONS OF Epcar CouNTY 


Edgar county was first covered by the Illinoisan glacier, which left a deposit 
of boulder clay and resulted in a partial leveling of the region. After this a 
long period elapsed, during which a surface soil known as the Sangamon soil 
was formed from this glacial deposit by the incorporation of organie matter by 
natural agencies. Then another advance occurred, known as the Iowan glacier. 
This glacier did not reach Edgar county, but after its melting the state was 
covered with a deposit. of wind-blown loess, which buried the old soil that was 
formed from the drift of the Iltinoisan glacier. A new soil, now called the 
Peorian, was formed on the surface of the loess, and after another long period 
had elapsed a third ice advance occurred, known as the early Wisconsin glacier. 
This glacier covered about 95 pereent of Edgar county with immense quanti- 
ties of material to a depth varying from 20 to more than 100 feet and averaging 
near 75 feet. In the case of moraines, the deposit probably reached nearly 200 
feet in depth. One of these morainal ridges, the Champaign, crosses the northern 
part of the county, while another, the Shelbyville moraine, which marks the 
outer limit of the early Wisconsin glaciation, crosses the southern part. Both 
of these ridges are very distinct. (See state soil map in Bulletin 193.) 

To the gouth of each of these moraines there has been more or less outwash, 
but the largest amount is south of the Champaign moraine. Here it has formed 
an irregular outwash plain, which is represented by a low, flat area having poor 
natural drainage. In places pockets of sand and gravel oceur which are very 
irregular in distribution, quite varied in thickness, and which have subsequently 
been covered with from 3 to 6 feet of fine material. Areas with such subsoil are 
too small to be shown on the map. 

Another small but rather distinct morainal ridge oecurs northwest of Paris, 
extending to the west into Douglas county and thence to the southwest into Colcs 
county. This is probably a part of the Cerro Gordo moraine, which is very dis- 
tinctly developed in Piatt eounty but is no longer traceable across Moultrie. 
(See Bulletin 193.) 

The Shelbyville moraine enters the southwest corner of the county, extends 
to the northeast until south of Paris, where its direction changes to the south- 
east, and leaves the county near the southeast corner. Part of this moraine is 
made up of two distinct ridges and probably represents two advances. The south 
slope is quite abrupt and presents a relief of about 150 fect. 


PHYSIOGRAPHY AND DRAINAGE 


The altitude of Edgar county varies from about 600 to 840 feet above sea 
level, with an average of approximately 700 feet. The highest point is 839 
feet on the Shelbyville moraine near Kansas. The altitudes of some places in 
the county are as follows: Brocton, 663 feet; Cherry Point, 625; Chrisman, 
643; Conlogue, 722; Dudley, 715; Edgar, 645; Ferrell, 605; Hildreth, 714; 
Horace 650; Hughes, 658; Hume, 651; Kansas, 718; May’s, 690; Melwood, 669; 
Metcalf, 664; Mortimer, 703; Nevins, 687; Oliver, 633; Palermo, 742; Paris, 739; 
Payne, 674; Raven, 628; Redmon, 690; Sanford, 627; Scotland, 685; Vermilion, 
674, 
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The western one-third of the county drains into the Embarras river, while 
the eastern part drains thru Clear, Sugar, and Bruellette creeks, into the Wa- 
bash river. 

Som, Marertau AND Sort TYPES 


While the two glaciations which reached Edgar county left extensive 
deposits of boulder clay over the county, the soils as a rule are not formed from 
this material. The boulder clay has been covered by a deposit of wind-blown 
material, or loess, which now constitutes the soil to a depth of 2 to 5 feet. This 
loessial material has been removed from small areas on some of the more rolling 
parts to such an extent that the exposed boulder clay constitutes the soil material. 
South of the Shelbyville moraine the thin surface soil has been modified by age, 
by the character of the drainage, and by other agencies until it is now quite 
different from the soil of the early Wisconsin glaciation. It is very low in organic 
matter and is fairly typical of the light-colored soils of the lower THlinoisan glacia- 
tion. 

The soils of the county are divided into four classes, as follows: 

(a) Upland prairie soils, rich in organic matter. These were originally 
covered with wild prairie grasses, the partially decayed roots of which have been 
the source of the organic matter. The flat prairie land of the early Wisconsin 
glaciation contains the higher amount of this constituent because the grasses and 
roots grew more luxuriantly there, and the higher moisture content preserved 
them from complete decay. In the older glaciation, the lower Illinoisan, the 
organic matter is much less abundant. 

(b) Upland timber soils, including those zones along stream courses over 
which for a long period of time forests once extended. These soils contain much 
less organie matter than the prairie soils, because the large roots of dead trees 
and the surface accumulations of leaves, twigs, and fallen trees were burned by 
forest fires or suffered almost complete decay. The timber lands are divided 
chiefly into two classes—the undulating and the hilly areas. 

(ec) Terrace soils, formed by deposits of gravel and sand from flooded 
streams overloaded with sediment at the time of the melting of the glacier. 
Finer deposits which were later made upon the coarse gravelly material now 
constitute the soil. 

(d) Swamp and bottom lands, whieh include the flood plains along streams 
and some smal! peaty swamp areas. 

Table 1 gives the area of each type of soil in Edgar county and its per- 
centage of the total area. It will be observed that the early Wisconsin glaciation 
occupies 90.4 percent of the arca of the county, the lower Illinoisan 4.9 percent, 
while the terrace soils and bottom lands oceupy the remainder. The upland 
prairie soils occupy 65 percent of the entire area of the county. The aceompany- 
ing maps show the location and boundary lines of the various soil types, even 
down to areas of a few acres. 
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TABLE 1—SoiL Typms oF Epgar County, ILLINcis 


Soil ‘Area in | Area | Percent 
type Name of type square in of total 
No. miles acres area 
(a) Upland Prairie Soils (page 24) 
926 } 
19g ( |Brown silt loam... 0... eee eee el 328.28 | 206 899 | 52.37 
920 
1129 { {Black clay loam... 2... 2... cee cecececeeeeeenees 53.39 | 34170 | 8.65 
1181 Drab clay loam...... 0.0 cece ccc ceae cece secvevenees 23.44 | 15 0021 3.80 
1iop | (Brown sandy loamt.........0sccceeeeseeeeeeees re eS es 
830 (Gray silt loam on tight clay............000-0000.20005 | 71 454 11 
g : | 
328 |Brown-gray silt YJoam on tight clay.........-......00- 63 403 | -10 
|  (b) Upland Timber Soils (page 31) 

a t Yellow-gray silt loam... 0.02... cee eee eee eee | 418.36 | 75 750 | 19.17 
334 | Yellow-gray silt loam. ........ 00.0... e eee e cee en ee ee 22.83 | 14611] 3.70 
tise | Mellow AUR ARRM cic icocraesnnstanenaiuercnters | 39.79 | 25 466] 6.45 
835 | Yellow silt loam..... felled te tthante. Sree deuaieet tari tol eat nara Galan | 5.62 !' 3 597 21 
A \ Yellow-gray sandy loam..... 0.0.0.0... cece eens 1B 83 02 
364 Yellow-gray sandy loam. .......0. ccc cece ence eee 18 115 .03 
(e) Terrace Soils (page 40) 

1536 | Yellow-gray silt loam over gravel....... 0.02026. 00005 2.81 1798 46 
1564.4 Yellow-gray sandy loam on gravel........eeee eee eee | 1.11 710 18 

(dj) Swamp and Bottom-Land Soils (page 41) | 
1454. Mixed loam..... et ee ee ee 24.49 | 15 674 3.97 
~ : f : ~ 109 3 
7 395 053 | 100.00 


THE INVOICE AND INCREASE OF FERTILITY IN EDGAR 
COUNTY SOILS 


Soir ANALYSIS 


In order to avoid confusion in applying in a practical way the technical 
information contained in this report, the results are given in the most simplified 
form. The composition reported for a given soil type is, as a rule, the average 
of many analyses, which, like most things in nature, show more or less variaticn ; 
but for all practical purposes the average is most trustworthy and sufficient. 
(See Bulletin 123, which reports the general soil survey of the state, together 
with many hundred individual analyses of soil samples representing twenty-five 
of the most important and most extensive soil types in the state.) 

The chemical analysis of a soil gives the invoice of fertility actually present 
in the soil strata sampled and analyzed, but, as explained in the Appendix, the 
rate of liberation is governed by many factors. Also, as there stated, probably 
no agricultural fact is more generally known by farmers and landowners than 
that soils differ in productive power. Even tho plowed alike and at the same 
time, prepared the same way, planted the same day with the same kind of seed, 
and cultivated alike, watered by the same rains and warmed by the same sun, 
nevertheless the best acre may produce twice as large a crop as the poorest acre 
on the same farm, if not, indeed, in the same field; and the fact should be 
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repeated and emphasized that the productive power of normal soil in humid 
sections depends upon the stock of plant food contained in the soil and upon 
the rate at which it is liberated. 

The fact may be repeated, too, that crops are not made out of nothing. 
They are composed of ten different elements of plant food, every one of which 
is absolutely essential for the growth and formation of every agricultural plant. 
Of these ten elements of plant food, only two (carbon and oxygen) are secured 
from the air by all plants, only one (hydrogen) from water, while seven are 
secured from the soil, Nitrogen, one of these seven elements secured from the 
soil by all plants, may also be secured from the air by one class of plants 
(legumes) in ease the amount liberated from the soil is insufficient. But even 
the leguminous plants (which include the clovers, peas, beans, alfalfa, and 
vetches), in common with other agricultural plants, secure from the soil alone 
six elements (phosphorus, potassium, magnesium, calcium, iron, and sulfur) and 
also utilize the soil nitrogen so far as it becomes soluble and available during 
their period of growth. 

Table A in the Appendix shows the requirements of large crops for the five 
most important plant-food elements which the soil must furnish. (Tron and 
sulfur are supplied normally from natural sources in sufficient abundance, com- 
pared with the amounts needed by plants, so that they are never known to limit 
the yield of common farm crops.) 

In Table 2 are reported the amounts of organic carbon (the best measure of 
the organic matter) and the total amounts of the five important elements of 
plant food contained in 2 million pounds of the surface soil of each type—the 
plowed soil of an acre about 624 inches deep. In addition, the table shows the 
amount of limestone present, if any, or the soil acidity as measured by the 
amount of limestone required to neutralize it. 

The soil to the depth indicated includes at least as much as is ordinarily 
turned with the plow, and represents that part with which the farm manure, 
limestone, phosphate, or other fertilizer applied in soil improvement is incor- 
porated. It is the soil stratum that must be depended upon in large part to 
furnish the necessary plant food for the production of crops, as will be seen from 
the information given in the Appendix. Even a rich subsoil has little or no 
value if it lies beneath a worn-out surface, for the weak, shallow-rooted plants 
will be unable to reach the supply of plant food in the subsoil. If, however, 
the fertility of the surface soil is maintained at a high point. then the plants, 
with a vigorous start from the rich surface soil, can draw upun the subsurface 
and subsoil for a greater supply of plant food. 

By casy computation it will be found that the most common prairie soil 
of Edgar county, the brown silt loam, does not contain more than enough total 
nitrogen in the plowed soil for the production of maximum crops for forty years; 
and the upland timber soils contain, as an average, much less nitrogen than the 
prairie land. 

With respect to phosphorus, the condition differs only in degree, more than 
four-fifths of the soil area of the county containing no more of that element 
than would be required for fifteen crop rotations if such yiclds were secured as 
are suggested in Table A of the Appendix. It will be seen from the same table 
that in the case of the cereals about three-fourths of the phosphorus taken from 
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the soil is deposited in the grain, while only one-fourth remains in the straw or 
stalks. 

On the other hand, the potassium is sufficient for 26 centuries if only the 
grain is sold, or for 400 years even if the total crops should be removed and 
nothing returned. The corresponding figures are about 1,600 and 400 years for 
magnesium, and about 7,000 and 170 years for calcium. Thus, when measured 
by the actual crop requirements for plant food, potassizm is no more limited 
than magnesium and ealcium; and, as explained in the Appendix, with mag- 
nesium, and more especially with caleiam, we must also consider the fact that 
loss by leaching is far greater than by cropping. 

These general statements relating to the total quantities of plant food in the 
plowed soil certainly emphasize the fact that the supplies of some of these neces- 
sary elements of fertility are extremely limited when measured by the needs of 
large crop yields for even one or two generations of people. With a population 
increasing by more than 20 percent each decade, the future needs of the people 
dependent upon the corn belt are likely to be far greater than the requirements 
of the past, and soil fertility and crop yields should not decrease but should 
increase, 


TABLE 2,—FERTILITY IN THE SolLs or Epgar County, ILLINOIS 
Average pounds per acre in 2 million pounds of surface soil (about 0 to 6% inches) 


Soil | ‘Y Potal | Total | Total | Total ) Total | apoyq; | Lime | Soil 
type | Soil type organic| nitro- | phos- | potas- |magne- Tein | stone | acidity 
No. ‘eathor| gen jphorus| sium | sium (7° ‘present | present 
Upland Prairie Soils 
926 } |p own «i i | |g 
11296 ¢ |Brown silt loam. ..}52 500, 4 450 | 1 060 | 34 480 6 830; 7 230° 
92 
i ‘Black clay loam... 81 600) 7 620 | 1970 | 30 940) 11 490 | 18 290 | Rarely - 
1121 Drab elay loam... 60 380, 5 770 | 1.570 38 860 9 540 | 14 250; Often 
1160 { Brown sandy loam! 20 $00 1.650 740 27 480| 3 730) 5 840 | | 80 
330 |Gray silt loam on | ! 
tight elay ...... 29 480! 2 840 920 | 27 700! 4 500! 38 500 1 280 
328 |Brown-gray silt | i | 
_| Joam on tight clay] 36 580] 3 260 9 1 000; 81 560| 6 880) 7 240, 40 
Upland Timber Soils 
ca Yellow-gray silt | j 7 i a — 
M84 5 | loam. ceca 19 520; 1 790 790 83 010) 5 000] 4 550! ' 70 
834 Yellow-gray silt j 
Hie) | Joam .......... 22 230) 1 970 | 770 385 220! 5 150) 5 660 i ! 50 
1185 {| Yellow silt loam..|15 830, 1390 670 | 36 150} 4 730) 4 740| | 280 
835 |Yellow silt loam..| 17 260) 1 020 720 | 36 420| 6 780 2 240) 3 260 
964 ) |Yellow-gray sandy | ‘ ' ' : 
1164 {| loam... ........ 17 620 1 300 | 920 | 27 040, 8 200/] 4 480 | 100 
364 |Yellow-gray sandy i | i 
WORT oe ae cis a: oa 8 620 1 120 | 540 | 30 400) 3 960] 3 000 200 
Terrace Soils 
1586 | Yellow-gray silt vi, | | on 7 i 
loam over gravel) 29 260) 2 920 | 1 080 ; 88 780| 5 840| 5 320, 20 


1564.4 /Yellow-gray sandy 
loam on gravel. .! 2: 


us 


| { | H 
8201 2 700 1 200 34 660) 5 220! 5 620! 60 


Swamp and Bottom-Land Soils 
100! 2 500 | 1130 187 890) 9 470 | 12 810 | Often | 


1454 |Mixed Joam .....] 2 
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The variation among the different types of soil in Edgar county with re- 
spect to their content of important plant-food elements is very marked. Thus 
the richest prairie land (black clay loam) contains from four to five times as 
much nitrogen and more than twice as much phosphorus as the common upland 
timber soils. The calcium content of the plowed soil varies from about 1 ton 
to 9 tons per aere, while the acidity varies from none to 20 tons per acre, as 
measured by the amount of limestone that would be required if the acid were 
to be neutralized to a depth of 40 inches, The most significant facts revealed 
by the investigation of the Edgar county soils are the lack of limestone and the 
low phosphorus content of the common prairie soil (brown silt loam) and of the 
most extensive timber types, which combined cover more than 80 percent of the 
entire county. And yet both of these deficiencies can be overcome at relatively 
small expense by the application of ground limestone and fine-ground raw rock 
phosphate. After these are provided, clover can be grown with more certainty 
and in greater abundance, and nitrogen can thus be secured from the inexhaust- 
ible supply in the air. If the clover is then returned to the soil, cither directly 
or in farm manure, the combined effect of limestone, phosphorus, and nitrogenous 
organie matter, with a good rotation of crops, will in time double the yield of 
corn and other crops on most farms. 

Fortunately, some definite field experiments have already been conducted on 
brown silt loam, the most extensive type of soil in the early Wisconsin glaciation, 
as at Urbana in Champaign county, at Sibley in Ford county, and at Bloom- 
ington in MeLean county. Before considering in detail the individual soil types, 
it seems advisable to study some of the results already obtained where definite 
systems of soil improvement have been tried out on some of these experiment 
fields in different parts of central Illinois, for more than half the area of Edgar 
county is brown silt loam, 


ReEsuuts or Fretp ExprrIMENtSs at URBANA 


A three-year rotation of corn, oats, and clover was begun on the North 
Farm at the University of Illinois in 1902, on three fields of typical brown silt 
loam prairie land which, after twenty years or more of pasturing, had grown 
com in 1895, 1896, and 1897 (when careful records were kept of the yields pro- 
duced), and had then been cropped with clover and grass on one field (Series 
100), cats on another (Series 200), and oats, cowpeas, and corn on the thir 
field (Series 300) until 1901. From 1902 to 1910 the three-year rotation (with 
cowpeas in place of clover in 1902) was followed. The average yields are re- 
corded in Table 3. 

A small crop of cowpeas in 1902 and a partial crop of clover in 1904 con- 
stituted all the hay harvested during the first rotation, mammoth clover grown 
in 1903 having lodged so that it was plowed under. (The yields of clover in 
1903 were taken by carefully weighing the yields from small representative 
areas; but while the differences were thus ascertained and properly eredited 
temporarily to the different soil treatments, they must ultimately reappear in 
subsequent crop yields, and consequently the 1903 clover crop is omitted from 
Table 3 in computing yields and values.) The average yields of hay shown in 
the table represent one-third of the two small crops. 
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PLATE 1—CLOVER IN 19138 oN URBANA FreLp 
FaRM MANURE APPLIED 
Yrewp, 1.43 Tons per ACRE 


From 1902 to 1907 legume cover crops (Le), such as cowpeas and clover, 
were seeded in the corn at the last cultivation on Plots 2, 4, 6, and 8, but the 
growth was small and the effect, if any, was to decrease the returns from the 
regular crops. Since 1907 crop residues (R) have been returned to those plots. 
These consist of the stalks of corn, the straw of small grains, and all legumes 
except alfalfa hay and the seed of clover and soybeans. 

On Plots 3, 5, 7, and 9, manure (M) was applied for corn at the rate of 6 
tons per acre during the second rotation, and subsequently as many tons of 
manure have becn applied as there have been tons of air-dry produce harvested 
from the corresponding plots. 

Lime (L) was applied on Plots 4 to 10 at the rate per acre of 250 pounds 
of air-slaked lime in 1902 and 600 pounds of limestone in 1903. Subsequently 
2 tons per acre of limestone was applied to these plots on Series 100 in 1911, on 
Series 200 in 1912, on Series 300 in 1918, and on Series 400 in 1914; also 214 
tons per acre on Series 500 in 1911, two more fields having been brought into 
rotation, as explained on the following page. 

Phosphorus (P) has been applied on Plots 6 to 9 at the rate of 25 pounds 
per acre per annum in 200 pounds of steamed bone meal; but beginning with 
1908, one-half of each phosphorus plot has received 600 pounds of rock phos- 
phate in the place of the 200 pounds of bone meal, the usual practice being to 
apply and plow under at one time all phosphorus and potassium required for 
the rotation. 
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PLATE 2,—CLOVER IN 1913 ON URBANA FIELD 
Farm MANurRE, LIMESTONE, AND PHOSPHORUS APPLIED 
YieLD, 2.90 TONS PER ACRE 


Potassium (K=kalium) has been applied on Plots 8 and 9 at the yearly 
rate of 42 pounds per acre in 100 pounds of potassium sulfate, regularly in eon- 
nection with the bone meal and rock phosphate. 

On Plot 10 about five times as much manure and phosphorus are applied as 
on the other plots, but this ‘‘extra heavy’’ treatment was not begun until 1906, 
only the usual lime, phosphorus, and potassium having been applied in previous 
years. These heavy applications are made in an attempt to determine the 
climatic possibilities in crop yields by removing the limitations of inadequate 
fertility. 

Series 400 and 500 were cropped in corn and oats from 1902 to 1910, but 
the various plots were treated the same as the corresponding plots in the three- 
year rotation. Beginning with 1911, the five series have been used for a com- 
bination rotation, wheat, corn, oats, and clover being rotated for five years on 
four fields, while alfalfa oecupies the fifth field, which is then to be brought 
under the four-erop system to make place for alfalfa on one of the other fields 
for another five-year period, and so on. (See Table 4.) 

From 1911 to 1915 soybeans were substituted four years because of clover 
failure; accordingly four-fifths of the soybeans and one-fifth of the clover are 
used to compute valucs. Alfalfa from the 1911 seeding so nearly failed that 
after cutting one crop in 1912 the field was plowed and reseeded. The average 
yield reported for alfalfa in Table 4 is one-fifth of the combined crops of 1912, 
1913, 1914, and 1915. 
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Tasie 4,-YIELDS PER ACRE, FIve-YEaR AVERAGES, 1911-15: URBaNa Frsip 
Brown Suur LoaM Pratetz; EARLY WISCONSIN GLACIATION 


i ; | Value of 5 crops 
pies hiss Wheat, | Corn, Oats, \Soybeans—4, | Clover~1, |Alfalfa, ee ae 
i . t 

No ment bu. bu, ba. | tons (bu.) | tons*(bu.) ous priest | paces 
0 ae (eee 22.2 53.9 46.3 1.60 2,50 2.27 | $75.72 | $108.17 
2 [Ra ecee na 23.5 56.4 , 47.8 (21.3) ( .74) 1.85 75.48 107.84 
BS [Macaca 24,8 63.6 54.6 1.68 2.20 1.68 79.16 112.08 
4 RL...... 25.0 59.2 49.7 (20.7) (1.03) 1.72 77.21 110.30 
5 (ML ..... 28.1 63.4 | 57.3 1.72 2.81 2.25 87.22 124.60 
6 |RLP..... 39.1 | 66.0 | 643 (22.6) (2.48) 3.28 1107.56 |} 153.66 
7 IMLP....| 3838 67.6 64.9 1.92 4,04 3.25 | 107.80 154.00 
8 |RLPK...) 382 | 63.7 | 64.5 (24.2) (1.41) 3.22 | 105.17 | 150.23 
9 [MLPK 87.4 64.6 69.3 2,09 3.91 3.31 | 108.54 155,06 
10 |MxLPx 42.9 61.0 72.5 2.19 4,24 3.45 | 114.03 162.90 


*The second cutting of clover hay was not included in reporting this crop in Soil Reports 
9, 10, and 12. 


The ‘‘higher prices’’ allowed for produce are $1 a bushel for wheat and 
soybeans, 50 cents for corn, 40 cents for oats, $10 for clover seed, and $10 a ton 
for hay; while the ‘‘lower prices’’ are 70 percent of these values, or 70 cents for 
wheat and soybeans, 35 cents for corn, 28 cents for oats, $7 for clover seed, and 
$7 a ton for hay. The two sets of values are used to emphasize the fact that a 
given practice may or may not be profitable, depending upon the prices of farm 
produce. The lower prices are conservative, and unless otherwise stated, they 
are the values regularly used in the discussion of results. It should be under- 
stood that the increase produced by manures and fertilizers requires increased 
expense for binding twine, shocking, stacking, baling, threshing, hauling, storing 
and marketing. Measured by Illinois prices for the past ten years these lower 
values are high enough for crops standing in the field ready for harvest. 

The cost of limestone delivered at a farmer’s railroad station in carload 
lots averages about $1.25 per ton. Steamed bone meal in carloads costs from 
$25. to $30 per ton. Fine-ground raw rock phosphate containing from 260 to 
280 pounds of phosphorus, or as much as the bone meal contains, ton for ton, 
but in less readily available form, usually costs the farmer from $6.50 to $7.50 
per ton in carloads. (Acid phosphate carrying half as much phosphorus, but in 
soluble form, commonly costs from $15 to $17 per ton delivered in carload lots 
in central Dlinois.) Under normal conditions potassium costs about 6 cents a 
pound, or $2.50 per. acre per annum for the amount applied in these experiments, 
the same as the cost of 200 pounds of steamed bone meal at $25 per ton. 

To these cash investments must be added the expense of hauling and spread- 
ing the materials. This will vary with the distance from the farm to the railroad 
station, with the character of the roads, and with the farm force and the imme- 
diate requirements of other lines of farm work. It is the part of wisdom to order 
such materials in advance to be shipped when specified, so that they may be 
received and applied when other farm work is not too pressing and, if possible, 
when the roads are likely to be in good condition. 

The practice of seceding legume cover crops in the cornfield at the last eulti- 
vation where oats are to follow the next year has not been found profitable, as a 
rule, on good corn-belt soil; but the returning of the crop residues to the land 
may maintain the nitrogen and organic matter equally as well as the hauling 
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PLATE 3.—CLover on UnBaNa Fretp, Sourn Farm 
Crop RESIDUES PLOWED UNDER 


and spreading of farm manure—and this makes possible permanent systems of 
farming on grain farms as well as on live-stock farms, provided, of course, that 
other essentials are supplied. (Clover with oats or wheat, as a cover crop to be 
plowed under for corn, often gives good results.) 

At the lower prices for produce, manure (6 tons per acre) was worth $1.05 
a ton as an average for the first three years during which it was applied (1905 
to 1907). For the next rotation the average application of 10.21 tons per acre 
on Plot 3 was worth $10.09, or 99 cents a ton. During the next four years, 1911 
to 1914, the average amount applied (once for the rotation) on Plot 3 was 11.35 
tons per acre, worth $6.42, or 57 cents a ton, as measured by its effect on the 
wheat, corn, oats, soybeans, and clover. Thus, as an average of the ten years’ 
results, the farm manure applied to Plot 3 has been worth 84 cents a ton on 
common corn-belt prairie soil, with a good erop rotation including legumes. 
During the last rotation period moisture has been the limiting factor to such an 
extent as probably to lessen the effect of the manure. 

Aside from the crop residues and manure, cach addition affords a duplicate 
test as to its effect. Thus the effect of limestone is ascertained by comparing 
Plots 4 and 5, not with Plot 1, but with Plots 2 and 3; and the effect of phos- 
phorus is ascertained by comparing Plots 6 and 7 with Plots 4 and 5 respectively. 

As a general average, the plots receiving limestone have produced $1.17 an 
acre a year more than those without limestone, and this corresponds to more 
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PLATE 4,—CLOVER ON UrBaNa Fisip, SoutH Farm 
Fine-Grounp Rock PHospHate PLOWED UNDER WITH CROP RESIDUES 


than $6 a ton for all of the limestone applied; but the amounts used before 
1911 were so small and the results vary so greatly with the different plots, crops, 
and seasons that final conclusions cannot be drawn until further data are se- 
cured, the first 2-ton applications having been completed only for 1914. How- 
ever,all comparisons by rotation periods show some increase for limestone, these 
inereases varying from 82 cents on three acres (Plot 4) during the first rotation, 
to $8.06 on five acres (Plot 5) as an average of the last five years. The need 
of limestone for best results and highest profits seems well established. 

As an average of duplicate trials (Plots 6 and 7), phosphorus in bone meal 
produced increases valued at $1.92 per acre per annum for the first three years 
and at $4.67 for the next three; and the corresponding subsequent average 
increases from bone meal and raw phosphate (one-half plot of each) were $5.12 
for the third rotation and $5.09 for the last five years, 1911 to 1915. The annual 
expense per acre for phosphorus is $2.80 in bone meal at $28 a ton, or $2.10 for 
rock phosphate at $7 a ton. 

Potassium, applied at an estimated cost of $2.50 an acre a year, seemed to 
produec slight inereases, as an average, during the first and second rotations; 
but subsequently those increases have been almost entirely lost in reduced 
average yields, the net result to date being an average loss of $2.43 per acre per 
annum or a Joss of 97 cents for every dollar invested in potassium. 


“‘pojeorput sjord eqy zo 
Avy Ouoysoul] ‘sjod-zrey WO poseq exe sprerc-oroe oy} “OOg SeTIOg UI OTEL Woaz puy “GOT SOLIOS UT TIE wor, 
“key Jo suoy ‘sroyjO oy} {pees JO sjeysnq eyearpur sosoqjuered uz sornsy ‘soumFol 10,4, 


ac Pa 0°6F (#2) G69 |9OG) GEG frit tenes 612 
oe oe BOF (23°T) 0°69 Leg SOF a eLs 
ae oe T0z (avr) S&L | B'CP eee weer eee er . OLG 
ae oa L008 (s'oT) ¥89 or e’ce eee ee . 693 
& sess oge | Cerot) [see [Tp] wep oceeeetttt teers : 508 
- ; steed] pop (ser) legeleoe | OeR Ucctcr crc t eee "993 
G8 | 90S | PSLE | OSPF | FET 989 /08F| S8E | TF [G22 | 08g | so" | LOE | 89S 913 
T6 |} 90¢¢ | P98 | SLE | LTT F69/988 Ler | ep, (S63 | S39] 4L° SLs | OSs €L6 
€&L | 09'6F | SLE | FLL | FS S191 Teh | 2°82 | The loos jess | as | oFe | STs OLS 
FL | sree | sese | TOT | (Or) je TO\Sse} ges | Fee [eTE [628 98° 8°93 | S3s 696 
6L | ¥S9S | CP6E | GSE (e3I) |ss2|s0S| ge | LOF |2°9% |L°GS | O08 | EES | SES 996 
te | oF-o99 | cevar¢! grog | Cet) leszless! rep | oar lete lec | ag | rae lees 293 
oud) seojid | seopid| aioe ied suo} 10 sjaysn: 

sreak €T6L | SIG6T|TIGT| OT6T | 6OET | SO6T | L06T) 906T | CSO6T | FO6T | 806T| tog id 
rea | mnoz 38ST one smog fog] s7eQ | W109 | Feo M [eo MA | 8YBO | wIOD |zeao[D yeoq A |syeQ sO! 


NOILVIOVIN NISNOOSTM, ATV, {MINIVad WVOT GIG NMOUg NOMAOQ 
GQ i WAv,] HLA ALISUMAING ‘SUNENINGAXY TOG NI STATVA GNV SGTHIA—g9 Wavy, 


see eoglges) omg fc: vee sere wee sees vee + aT) 921 

sae ogg |2es | @tg fot: sae sane tee vee nee oe ** TON, ZT 
eee ee o2g lpr | Fee foc: Settee nner eccs ans censerensccsceedscoees any! OFT 
ein) OLTIHZ9 | gee tte teen e teen eee te neeee see eayl got. 
Sea eeae go lFT8} gee [ce a seve cece eee steeeee aTY| 99T 
fuiveRiees eee eines (L8T) aezions | eer bccn cea ieee ‘argu! got 
"$6 (9S'GTT | 8S°BL 6ST Te /9°S8 | OTS | Sah | OOF (oes | PAE | SBE |6°T9 |T'se |e'es | -°* "AW OAT 


"86/6686 | 93769 SFT 963 | LEB | LBS | Ssh [ses |PsL | cove | grag |O°FS |e'ee | Fee |" aI] GAT 
‘es jeez |erto | 60t | gas|so! ese | 283 ITOF |9°69 | oss | wos SBS [Lge STR TW! OAT 
‘eS (3e68 | St's9 629 | 298 |{0L'T) | 66S (0°89 |(06 )| H8S (EEF |oeE | ABR °° a GOT 
eG |EPLOT | 6T'es | (e'2t) | obs [G62 | Fes |(Oe'T)/3°OF (EFL |(COO'T)| go | 6:09 leer |S'eh °° ** aH] 99T 
‘LFS (OP SITS! go's! (Q°9T) | SOsierL! Gor ‘Cog FoF loss Ces): B6e [GLE ITS ITSP ttt aM! eOT 
atid! seotrd | ad! ] 
wory| soy Sty | ae er0e sad suoy 10 spoysag peydde | 
~- -—— — |yWourzZV9I4| JOoTT 
606T | S06T} LOGT | 9OGT |SO6T| POGT/ LOT! prog 

SVQ | ULOD| TeaoqH|yey AMA | 83¥Q | wI10p| IoD) =~ 


on 
-” 
1S 
a 
~~ 
ad 
oS 
> 


srvak FI6GL ST6T| SI6T| TI6E | Ors. 
eA | MOF sp onTeA|smveqsog| e1eO| UIC] ,1 BAT M |19A0TD 


NOLLVIOVIN NISNOOSIM ATA {arIvagd WOT TUG NMOXG NONWOO 
GQ tWUV YW HENOG ALISUGTAING ‘SLNEWINAGXG TlOG NI SHQIVA GNV SCIEIX—'G TisvyJ, 


L917) Epgar County 15 


Thus phosphorus nearly paid its cost during the first rotation, and has sub- 
sequently paid its annual cost and about 100 percent net profit; while potassium, 
as an average, has produced. no effect, and money spent for its application has 
been lost. These field results are in harmony with what might well be expected 
on land naturally containing in the plowed soil of an acre only about 1,100 
pounds of phosphorus and 35,000 pounds of potassium. 

The total value of five average crops harvested from the untreated land 
during the last five years is about $75. Where limestone and phosphorus have 
been used together with organic manures (either crop residues or farm manure), 
the corresponding value is $107. Thus 200 acres of the properly treated land 
would produce almost as much in crops and in value as 300 acres of the un- 
treated land. 

The excessive applications on Plot 10 have usually produced rank growth 
of straw and stalk, with the result that oats have often lodged badly and corn 
has frequently suffered from drouth and eared poorly, Wheat, however, has as 
an average yielded best on this plot. The largest yield of corn on Plot 10 was 
118 bushels per acre in 1907. 

As an average of the results secured during the twelve years 1903 to 1914, 
on the University South Farm where fine-ground raw rock phosphate is applied 
at the rate of 500 pounds per acre per annum on the typical brown silt loam 
prairie soil, the return for each ton of phosphate! used has been $13.57 on Series 
100 and $12.07 on Series 200, with the lower prices allowed for produce, the 
rotation being wheat, corn, oats, and clover (or soybeans). This gives an average 
return of $12.82 for each ton of phosphate applied. Averages for cach rotation 
period show the following values for the inerease per ton of phosphate used: 

Lower prices Higher prices 


First rotation, 1903 to 1906 8.26 $11.80 
Second rotation, 1907 to 1910 11,33 16.19 
Third rotation, 1911 to 1914........... cece cece eee eee ee 18,89 26.98 


Thus the rock phosphate paid back more than its cost during the first rota- 
tion, more than 114 times its cost during the second rotation, and more than 244 
times its cost during the third rotation period. 

One ton of fine-ground rock phosphate costs about the same as 500 pounds 
of steamed bone meal. Altho in less readily available form, the rock phosphate 
contains as much phosphorus, ton for ton, as the bone meal; and, when equal 
money values are applied in connection with liberal amounts of decaying organic 
matter, the natural rock may soon give as good results as the bone—and, by 
supplying about four times as much phosphorus, the rock provides for greater 
durability. 

The results just given represent averages covering the residue system and 
the live-stock system, both of which are represented in this crop rotation on the 
South Farm. 

Ground limestone at the rate of 8 tons per acre was applied to the east half 
of these series of plots (excepting the check plots, which receive only residues 
or manure), beginning in 1910 on Series 200 and in 1911 on Series 100. Subse- 

‘During the first four years Series 100 received only 1,500 pounds per acre of phosphate, 


and both series received also % ton per acre of limestone, the effect. of which probably would 
be slight, as may be judged from the data secured later and reported herein. 
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quent applications are made of 2 tons per acre each four years, beginning in 
1914 on Series 200 and in 1915 on Series 100. As an average of the results from 
both series, the crop values were increased during the third rotation, 1911-1914, 


as follows: Rusipun System Live-Srock System 
Lower prices Higher prices Lower prices Higher prices 

Gain for phosphate.......... $18.82 $26.89 $18.95 $27.07 

Gain for limestone........... 2.30 3.29 2.54 3.63 


Detailed records of these investigations are given in Tables 5 and 6, the 
data being reported by half-plots after 1910-11. (Series 300 and 400, which 
are also used in this rotation, are located in part upon black clay loam and a 
heavy phase of brown silt loam. (See discussion under Black Clay Loam, p. 26.) 


Resuurs or EXPERIMENTS ON SIBLEY FieELp 


Table 7 gives the results obtained during twelve years from the Sibley goil 
experiment field located in Ford county on the typical brown silt loam prairie 
of the Illinois corn belt. 

Previous to 1902 this land had been cropped with corn and oats for many 
years under a system of tenant farming, and the soil had become somewhat defi- 
cient in active organic matter. While phosphorus was the limiting element of 
plant food, the supply of nitrogen becoming available annually was but little in 
excess of the phosphorus, as is well shown by the corn yields for 1903, when the 
addition of phosphorus produced an increase of 8 bushels, nitrogen produced 
no increase, but nitrogen and phosphorus inereased the yield by 15 bushels. 

After six years of additional cropping, however, nitrogen appeared to be- 
come the most limiting clement, the increase in the corn in 1907 being 9 bushels 
from nitrogen and only 5 bushels from phosphorus, while both together pro- 
duced an increase of 33 bushels. By comparing the corn yields for the four 
years 1902, 1903, 1906, and 1907, it will be seen that the untreated land appar- 
ently grew less productive, whereas, on land receiving both phosphorus and 
nitrogen, the yield appreciably increased, so that in 1907, when the untreated 
rotated land produced only 34 bushels of corn per acre, a yield of 72 bushels 
(more than twice as much) was produced where lime, nitrogen, and phosphorus 
had been applied, altho the two plots produced exactly the same yield (57.3 
bushels) in 1902. 

Even in the unfavorable season of 1910 the yield of the highest producing 
plot exceeded the yield of the same plot in 1902, while the untreated land pro- 
duced less than half as much as it produced in 1902. The prolonged drouth of 
1911 resulted in almost a failure of the corn crop, but nevertheless the effect of 
soil treatment was seen. Phosphorus appeared to be the first limiting element 
again in 1909, 1910, and 1911; while the lodging of oats, especially on the nitro- 
gen plots, in the exceptionally favorable season of 1912, produced very irregular 
results, In 1913 wheat averaged 6.6 bushels without nitrogen or phosphorus 
(Plots 101, 102, 105) and 22.4 bushels where both nitrogen and phosphorus were 
added (Plots 106, 109, 110). 

In the lower part of Table 7 is shown the total value of the twelve crops 
from each of the ten different plots, the amounts varying, at the lower prices 
(35 eents a bushel for corn, 28 cents for oats, and 70 cents for wheat), from 
$167.32 to $257.91 per acre. Phosphorus without nitrogen has produced $31.27 
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TABLE 7.—CROP YIELDS IN Sor EXPERIMENTS, SIBLEY FIELD 
Brown Sinr LOAM PRaIRigE; Earty WISCONSIN GLACIATION 


A Corn Corn Oats lWheat Corn |Corn/Oats Wheat!Corn Corn | Oats | Wheat 
Plot | Sei a ga 1902|1903|1904| 1905 1906 ]1907/1908| 1909 |1910/1911)1912) 1913 
applie | 7 ! 
Bushels per acre 
101 |None.....-. eee ft 57.3] 50.4] 744) 29.5 | 36.7) 33.9; 25.9) 25.3 | 26.6) 20.7] 84.4) 5.5 
102 |Lime...........-- 60.0| 54.0| 74.7) 31.7 | 39.2 | 38.9| 24.7| 28.8 | 34.0] 22.2| 85.6) 6.8 
103 Lime, nitro........, 60.0] 54.3/77.5) 82.8 | 41.7, 48.1/ 36.3! 19.0 29.0) 22.4] 25.3; 18.8 
104 Lime, phos.......... 6.1.3) 62.3) 92.5) 86.3 | 44.8) 43.5) 25.6) 32.2 | 52.0] 31.6) 92.3; 10.7 
105 Lime, potas......... 56.0| 49.9| 74.41 30.2 | 37.5|34.9/ 22.2) 23.2 | 34.2) 21.6] 83.1) 7.5 
106 |Lime, nitro, , phos... .| 57.3] 69.1] 88.41 45.2 | 68.5|72.3| 45.6) 33.3 | 55.6! 35.3] 42.2) 24.7 
107 |Lime, nitro., potas... 53.3/ 51.4) 75.9| 37.7 | 39.7] 51.1] 42.2| 25.8 | 46.2) 20.1) 55.6] 19.2 
108 |Lime, phos., potas...) 58.7] 60,9] 80.0} 39.8 | 41.5) 39.8} 27.2| 28.5 | 43.0! 31.8 79.0 11.8 
109|Lime, nitro., phos.,|— | 
potas... ...6..... | 58.7) 65.9] 82.51 48.0 | 69.5] 80.1| 52.8] 35.0 | 58.0) 35.7) 57.2| 24.5 
110 [Nitro., phos., potas. 60,0' 60.1| 85.0] 48.5 | 63.3/ 72.3) 44.1] 30.8 |64.4| 31.5] 54.1] 18.0 


Increase: Bushels per Acre 


For nitrogen............ | 0) 3) 2.8 L1j 2.5) 92/116) -9.8|-5.0 .2 60.3) 11.5 
For phosphorus......... | 13, 88)17.8) 4.6] 5.6) 46 9) 34 18.0) 94 6.7| 3.9 
For potassium.......... |-4.0 4.1) 3] -1.5)-1.7 -4.0)-2.5| -6.6] 2) -6'-25) 47 
For nitro., phos. over | | 

phos ...........0008 ;-4.0, 6.8/4.1) 8.9/23.7' 28.8 20.0) 11, 3.6, 3,750.1] 14.0 
For phos., nitro. over | | | 

MUTO: ess, be iw eae waa d ~2.7| 14.8) 10.9) 12.4| 24.8) 24.2| 9.3) 14.8} 26.6 12.9) 16.9} 6.4 
For potas., nitro., phos. | 

over nitro., phos...... | 1.4) -3.2) -5.9 2.8; 1.0, 7.8| 7.2 1.7| 241 4 15.0! -2 


Value of Crops per Acre in Twelve Years 


“Total value of 
twelve crops 


Plot Soil treatment applied “Lower | Higher 

prices | prices 
AOL NOUGs ci. 05 00a cama a eds $172.89) $246.98 
102 Dime............- 00 eee 186.51) 266.45 


103 ‘Lime, nitrogen .ssssceees 
104)Lime, phosphorus 


177.44| 253.49 
217,78) 311.11 


105[Lime, potassium......... 167.32| 239.03 
106|Lime, nitrogen, phosphorus............. pubes phone eaenute awa | 246.91) 352.73 
107 |Lime, nitrogen, potassium. ...... 6. eee ete eter renee 198,16; 283.08 
108\Lime, phosphorus, potassium. ...... 2... e eee e eee tet 204.90) 292.7 1 
109|Lime, nitrogen, phosphorus, potassium... . 257.91| 368.45 
110|Nitrogen, phosphorus, potassium................ Lecce ett e eee | 242.47{ 346.38 
Value of Increase per Acre in Twelve Years 
ROP DUOBON. cins cscs tdarer eins deed e reba ine ween s Oe tu aecamt i nacn -$ 9.07 -$12.96 
For phosphorus 4. cs0ccc ee wee enna ences as eueee 31.27) 44.66 
For nitrogen and phosphorus over phosphorus 29.18) 41.62 
For phosphorus and nitrogen over nitrogen.........0+- +e cece eee ener e tees 69.47, 99,24 
For potassium, nitrogen and phosphorus over nitrogen | and phosphorus Laima fats 11.00| 15.72 


in addition to the inerease by lime, but with nitrogen it has produced $69.47 
above the crop values where only lime and nitrogen have been used. The results 
show that in 26 cases out of 48 the addition of potassium has decreased the crop 
yields. Even when applied in addition to phosphorus, and with no effort to 
liberate potassium from the soil by adding organic matter, potassium has pro- 
duced no increase in crop values as an average of the results from Plots 108 
and 109. 

By comparing Plots 101 and 102, and also 109 and 110, it is seen that lime 
has produced an average increase of $14.53, or $1.21 an acre a year. The in- 
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TABLE 9.—VALUE OF CroPS PER ACRE IN THIRTEEN YEARS, BLOOMINGTON FIELD 
Brown Sirt Loam Prairrm; EaRty WISCONSIN GLACIATION 


Total value of — 
thirteen crops 


i lied 

Plot Soil treatment applie Lower | Higher 

prices prices 
102) [NOG iio is oscwss paweey eee eee eek eee : $186.83 | $266.90 
102) |Lime. sa viis nce nsetioamae ens sven seen .. | 186.76 266.80 
103 |Lime, residués 193.83 276.90 
104 |Lime, phosphorus.......... 000s cece e eee e eect eee e tren e teens 286.61 409.45 
105 |Lime, potassium..... 0... 0. eee eee ce teen eeeetenee 190.53 272.19 
106 |Lime, residues, phosphorus.............. ep oene .-} 285.08 | 407.19 
107 |Lime, residues, potassium...... «+ [{ 191,10 273.00 


294.91 421.31 


108 |Lime, phosphorus, potassium 2.1.3: 
284,47 406.39 


109 |Lime, residues, phosphorus, potassium 


110 [Residues, phosphorus, potassium.....-..+++ssseeeee treet 259.10 870.15 
Value of Increase per Acre in Thirteen Years 

OF POHUAUOS. cca caa occ sede b dG REET AT EG OE TNE IR EWE R ORDERS HL OEE ED $ 7.07 $10.10 

For phosphorus. ..... cc. cc ccc ec cence eee een e eter cess eee be rece seenee 99.85 142.65 

For residues and phosphorus over phosphorus. ......+.sseseeeseeesreeee -1,58 ~2,26 

For phosphorus and residues over residues... .. 6.0 ee cree eee were rene 91.20 130.29 

For potassium, residues, and phosphorus over residues and phosphorus. .. +56 -.86 


Norz.—Lower prices are based on 70 cents a bushel for wheat, 35 cents for corn, 28 cents 
for oats, $7 a ton for hay: higher prices, $1 a bushel for wheat, 50 cents for corn, 40 cents 
for oats, $10 a ton for hay. 
crease on these plots is practically the same as on the field at Urbana, and it sug- 
gests that the time is here when limestone must be applied to some of these brown 
silt loam soils. 

While nitrogen, on the whole, has produced an appreciable increase, espe- 
cially on those plots to which phosphorus has also been added, it has cost, in 
commercial form, so much above the value of the inerease produced that the only 
conclusion to be drawn, if we are to utilize this fact to advantage, is that the 
nitrogen must be secured from the air. 


RESULTS OF EXPERIMENTS ON BLOOMINGTON FIELD 


Space is taken to insert Tables 8 and 9, giving the results obtained from the 
Bloomington soil experiment field, which is also located on the brown silt loam 
prairie soil of the IHinois corn belt. 

The general results of the thirteen years’ work tell much the same story as 
those from the Sibley field. The rotations have differed since 1905 by the use 
of clover and the discontinuing of the use of commercial nitrogen—in conse- 
quence of which phosphorus without commercial nitrogen, on the Bloomington 
field, has produced an even larger increase ($99.85) than has been produced by 
phosphorus and nitrogen over nitrogen on the Sibley field ($69.47). 

It should be stated that a draw runs near Plot 110 on the Bloomington field, 
that the crops on that plot are sometimes damaged by overflow or imperfect. 
drainage, and that Plot 101 oceupies the lowest ground on the opposite side of 
the field. In part because of these irregularities and in part because only one 
small application has been made, no conclusions can be drawn in regard to lime. 
Otherwise all results reported in Table 8 are considered reliable. They not only 
furnish much information in themselves, but they also offer instructive com- 
parison with the Sibley field. 


20 Soi, Reporr No. 15 [Marech, 


Puate 5.—Corn mn 1912 on Bioomineron Firnp 
On Lert, Resipves, Lime, AND Porassium: YtELp, 58.9 BUSHELS 
On Rieu, Resipvurs, Lrmg, aNp PHOSPHORUS: YIELD, 86.1 BusHELS 


Wherever nitrogen has been provided, either by direct application or by the 
use of legume crops, the addition of the element phosphorus has produced very 
marked increases, the average yearly increase for the Bloomington field being 
worth $7.02 an acre at the lower prices. This is $4.52 above the eost of the 
phosphorus in 200 pounds of steamed bone meal, the form in which it is applied 
on the Sibley and the Bloomington fields. On the other hand, the use of phosphorus 
without nitrogen will not maintain the fertility of the soil (see Plots 104 and 
106, Sibley field). As the only practical and profitable method of supplying 
nitrogen, a liberal use of clover or other legumes is suggested, the legume to 
be plowed under cither directly or as manure, preferably in connection with the 
phosphorus applied, especially if raw rock phosphate is used. 

From the soil of the best treated plots on the Bloomington field, 180 pounds 
per acre of phosphorus, as an average, has been removed in the thirteen crops. 
This is equal to 15 percent of the total phosphorus contained in the surface soil 
of an aere of the untreated land. In other words, if such crops could be grown 
for eighty years, they would require as much phosphorus as now constitutes the 
total supply in the ordinary plowed soil. ‘The results plainly show, however, 
that without the addition of phosphorus such crops cannot be grown year after 
year. Where no phosphorus has been applied, the crops have removed only 120 
pounds of phosphorus in the thirteen years, which is equivalent to only 10 per- 
cent of the total amount (1,200 pounds) present in the surface soil at the be- 
ginning of the experiment in 1902. The total phosphorus applied from 1902 
to 1914, as an average of all plots where it has been used, has amounted to 325 
pounds per acre and has cost $32.50.1_ This has paid back $97.20, ag an average 
of four trials, or 300 percent on the investment; whereas potassium, used in 


"This is based on $25 a ton for steamed bone meal, but in recent years the price has been 
advanced, as a rule, to nearly $30. 
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the same number of tests and at the same cost, has paid back only $2.20 per 
acre in the thirteen years, or less than 7 percent of its cost. Are not these re- 
sults to be expected from the composition of such soil and the requirements of 
crops? (See Table 2; also Table A in the Appendix.) 

Nitrogen was applied to the residue plots of this field (except Plot 110), in 
commercial form only, from 1902 to 1905; but clover was grown in 1906 and 
1910, and a cover crop of cowpeas after the clover in 1906. The cowpeas were 
plowed under on all plots, and the 1910 clover, except the seed, was plowed 
under on the five residue plots. Straw and corn stalks have been returned to 
these plots, beginning with 1908. The effect of returning these residues to the 
soil has been appreciable since 1908 (an average increase on Plots 106 and 109 
of 5.5 bushels of oats, 4.5 bushels of wheat, and 5.4 bushels of corn) and probably 
will be more marked on subsequent crops. Indeed, the large crops of corn, cats, 
and wheat grown on Plots 104 and 108 during the thirteen years have drawn 
their nitrogen very largely from the natural supply in the organie matter of 
the soil, for the roots and stubble of clover contain no more nitrogen than the 
entire plant takes from the soil alone, but they decay rapidly in contact with 


102 103 104 105 106 107 108 109 
0 R P K RP RK PK RPK 
$186.76 $103.83 $286.61 $190.53 $285.03 $191.10 $294.91 $284.47 


Puarve 6.—Cror VaLuzs FoR THIRTEEN YEARS, BLOOMINGTON EXPERIMENT FIELD 
(R=residues; P—phosphorus; K-—potassium, or kalium) 
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the soil and probably hasten the decomposition of the soil humus and the con- 
sequent liberation of the soil nitrogen. But of course there is a limit to the 
reserve stock of humus and nitrogen remaining in the soil, and the future years 
will undoubtedly witness a gradually increasing difference between Plots 104 
and 106, and between Plots 108 and 109, in the yields of grain crops. 

Plate 6 shows graphically the relative values of the thirteen crops for the 
eight comparable plots, Nos. 102 to 109. The cost of the phosphorus is indicated 
by that part of the diagram above the short crossbars. It should be kept in 
mind that no value is assigned to clover plowed under except as it reappears in 
the increase of subsequent crops. Plots 106 and 109 are heavily handicapped 
because of the clover failure on those plots in 1906 and the poor yield of clover 
seed in 1910, whereas Plots 104 and 108 produced a fair crop in 1906 and a very 
large crop in 1910. Plot 106, which receives the most practical treatment for 
permanent agriculture (RLP), has produced a total value in thirteen years only 
$1.58 below that from Plot 104 (LP). (See also table on last page of cover.) 


TABLE 10.—FERTILITY IN THE SOILS or EpearR County, [uutnois 
Average pounds per acre in 4 million pounds of subsurface soil (about 626 to 20 inches.) 


Soil Total | Total ) Total | Total) Total | 7...) | Lime- | Soil 
type Soil type organic | nitro- | phos- | potas-)magne- beiletats stone | acidity 
No. earbon | gen {| phorus sium | sium | present | present 
Upland Prairie Soils 
aa t Brown silt loam../ 68 850| 6 000 | 1 710 | 70 190) 15 080] 12 920 210 
hea Black clay loam..| 78 970| 7 280 | 2 880 |65 400/24 490 | 30 050 | Rarely 
1121 |Drab clay loam..| 58 400] 5 160 | 2 360 |66 920 23 660 | 24 960 | Often 
trap } {Brown sandy loam] 29 280| 2 640 | 1 320 58 520 11 720 | 11 000 180 
330 |Gray silt loam on 
tight clay ...... 27 720] 2 680 | 1 320 |60 840 14 240] 6 320 7 440 
328 |Brown-gray silt 
loam on tight clay! 36 240} 3 400 | 1 360 (62 920) 19 800] 11 240 320 


Upland Timber Soils 


934 { Yellow-gray silt 


1134 loam........... 13 350 | 1 780 | 1 290 | 70 060) 16 660 | 7 670 4 640 
334 | Yellow-gray silt 

108M oc eee sewes 16 430 | 1 610 | 1 270 |73 360/18 450] 9 190 4 390 
Lise }|Yellow silt loam../12 920| 1 510 | 1 550 |78 350/16 070| 9 630 3 040 
335 | Yellow silt loam.,| 22 440 | 1 480 | 1 400 |74 360/13 720} 7 280 18 720 
964 ) |Yellow-gray sandy 
1164 {| loam .......... 12 440 840 | 1 120 |56 000) 8 480] 9 200 520 
364 =| Yellow-gray sandy 

_ JOB. 26 ee cecass 5 840 920 | 1 200 |57 840/10 960| 4 640 7 680 
Terrace Soils 

1536 | Yellow-gray silt 

loam over gravel] 25 760 | 3 120 | 1 680 |80 440/14 920 | 10 320 40 
1564.4 |Yellow-gray sandy 

loam on gravel..| 29 680 | 3 600 | 2 200 |68 760|10 520 | 12 000 80 

Swamp and Bottom-Land Soils 

1454 (Mixed loam ...... | 29 360 | 3 380 | 1 960 [37 500/15 160/17 740| Often 
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THE SUBSURFACE AND SUBSOIL 


In Tables 10 and 11 are recorded the amounts of plant food in the sub- 
surface and the subsoil of the different types of soil in Edgar county, but it 
should be remembered that these supplies are of little value unless the top soil 
ig kept rich. Probably the most important information contained in these tables 
is that the most common prairie soil (brown silt loam) and the upland timber 
soils are from slightly to strongly acid in the subsurface and sometimey even 
more strongly acid in the subsoil. This fact emphasizes the importance of hav- 
ing plenty of limestone in the surface soil to neutralize the acid moisture which 
rises from the lower strata by capillary action during times of partial drouth, 
which are critical periods in the life of such plants as clover. While the common 
brown silt loam prairie is usually slightly acid, the upland timber scils are, as 
a rule, mere distinctly in need of limestone, and, as already explained, they are 
also more deficient in organie matter and nitrogen than the prairie soils, and 
therefore more in need of growing clover. 


Tasie 11.—FERTILIty IN THE Sots oF Epcar County, ILLNors 
Average pounds per acre in 6 million pounds of subsoil (about 20 to 40 inches) 


“Soil Total | Total | Total , Total | Total | 74.) | Lime- | Soil 

type Soil type organie | nitro- | phos- | potas- [magne |, totam | stone | acidity 

No. j carbon | gen | phorus} sium sium present | present 
iJ Pp. 


Upland Prairie Soils 


aa t [Brown silt loan..| 82 330| 3 550 | 1 970|107 230] 36 630 | 24 070 | Rarely 

{ 
oa Black clay loam..| 29 390 3 350 | 3 380/102 470) 55 160 | 73 370 | Rarely 
1121 [Drab elay loam..| 25 890| 2 760 | 3 000/100 050| 63 180 | 87 090 [Often 
ieee Brown sandy loam| 24 090 2 640 | 2 190| 98 010| 3 000 | 19 620 3 750 
330 Gray silt loam on 

tight clay ...... 22 920| 2 400 | 2 100|104 340| 36 360 17 220 4 380 
828 |Brown-gray silt | 

loam on tight clay! 22 020; 2 820 | 1 3801112 0801 88 040 23 220 180 


Upland Timber Soils 
934 t Yellow-gray silt - 1 ~ 


1134) loam........... 15 700| 2 220 | 2 020/111 650| 82 750 | 19 330 3 980 
334 |Yellow-gray silt 

loam... .eeeees 17 540/ 1 840 | 2 0401107 640] 25 500 15 300 9 600 
fase Yellow silt loam..| 13 000} 1 620 , 2 280/114 760) 28 320 | 14 380 | 5 380 
335 | Yellow silt Ioam../ 18 420) 1 200 | 1 860)100 500) 15 840] 8 580 27 060 
964 ) |Yellow-gray sandy 
reat loam .. eeeeseee 12 480} 900 | 1 080] 76 920) 13 620 | 14 040 | 2 040 
364 | Yellow-gray sandy 

Joam .. ss. eeeee 8 760| 1 380 | 1 8001 86 760/16 440| 6 960 Ll 520 


Terrace Soils 


1536 | Yellow-gray silt 


loam over gravel) 28 400) 3 240 | 2 880)114 960) 80 720 | 16 080 420 
1564.4 |Yellow-gray sandy 
loam. on gravel..| 25 800| 3 900 | 3 300] 97 560] 22 560 | 23.940 120 


“Swamp and Bottom-Land Soils 
1454 (Mixed loam ...... 95 650 | 2 820 | 2 4301104 640] 21 480 i: 21 060 [Often 


24 Som Report No. 15 [March, 


INDIVIDUAL SOIL TYPES 
(a) Upuanp Prati Sors, 


The upland prairie soils of Edgar county occupy about 400 square miles, or 
65 percent of the entire area of the county. They are characterized, as a rule, 
by a black or a brown eclor which is due to their large content of organic matter. 

The accumulation of organic matter in the prairie scils is due to the growth 
of prairie grasses that once covered them, and the protection of the network 
of roots from complete decay by the imperfect aeration resulting from the cover- 
ing of fine soil material and the moisture it contained. On the native prairies 
the tops of these grasses were usually burned or became almost completely de- 
eayed. From a sample of virgin sod of ‘‘blue stem,’’ one of the most common 
prairie grasses, it has been determined that an acre of this soil to a depth of 
seven inches contained 13.5 tons of roots. Many of these roots died each year 
and by partial decay formed the humus of these dark prairie soils. 


Brown Silt Loam (1126, or 926 on moraines) 


Brown silt loam is the most important as well as the most extensive soil 
type in Edgar county. It covers an area of 323.28 square miles (206,899 acres), 
or 52.37 percent of the area of the county. 

This type occupies the slightly undulating to rolling areas of the prairie 
land. Altho much of it is well surface-drained, many areas need artificial drain- 
age. The morainal areas are in some places sufficiently rolling to require con- 
siderable care to prevent them from eroding. 

Altho brown silt loam is normally a prairie soil, yet in some limited areas 
forests have recently invaded it. These forests consist quite largely of black 
walnut, wild cherry, hackberry, ash, hard maple, and elm. A black-walnut soil 
is recognized generally by farmers as being one of the best timber soils because 
of the fact that it still contains a large amount of organic matter, which is 
characteristic of prairie soils. After the growth of several generations of trees, 
the organic matter would ultimately become so reduced that the soil would then 
be classed as a timber type. 

The surface soil, 0 to 624 inches, is a brown silt loam varying on the one 
hand to black as the type grades into black clay loam (1120 or 920), and on the 
other hand to grayish brown or yellowish brown as it grades into the timber 
type, yellow-gray silt loam, (1134 or 934). In physical composition it varies to 
some extent but it is normally a silt loam containing from 65 to 80 percent of 
silt, together with 10 to 20 percent of sand and from 10 to 15 percent of clay. 
The amount of clay increases as the type approaches black clay loam (1120 or 
920), and becomes greatest in the level, poorly drained areas. 

The organic-matter content of the surface stratum averages approximately 
4.5 percent, or 45 tons per acre. The amount is less in the rolling areas than in 
the low and poorly drained parts owing to the fact not only that less vegetation 
grew on the drier, rolling areas, but that when incorporated with the soil much 
of it was removed by erosion or has undergone more rapid decomposition because 
of the better aeration and the lower moisture content. Where the type passes 
into yellow-gray silt loam (1184 or 934), the content of organic matter becomes 


1917] Epear County 25 


less, while in the low, swampy tracts, where the grasses grew more luxuriantly 
and their roots were more abundant, the larger moisture content provided con- 
ditions more favorable for the preservation of organic matter. 

The natural subsurface stratum varies from 6 to 16 inches in thickness, 
being thinner on the more rolling areas and decidedly thicker and darker on the 
more level areas. in physical composition it varies in the same way as the 
surface goil, but it usually contains a slightly larger amount of clay, especially 
as it approaches black elay loam (1120 or 920). Both color and depth vary with 
topography, the stratum being lighter in color as well as shallower on the more 
rolling areas and where the type grades into yellow-gray or yellow silt loam 
(1134 or 1185). The amount of organic matter varies with depth, but the 
average for the stratum (which as sampled is twiee the thickness of the surface 
soil) is 2.8 percent, or 56 tons per acre. 

The natural subsoil begins at a depth of 12 to 23 inches and extends to an 
indefinite depth but ig sampled to 40 inches. It varies with topography both 
in color and in texture, and becomes slightly coarser with depth. It consists 
of a yellow or drabbish mottled yellow, clayey silt or silty clay, which is plastic 
when wet. Where the drainage has been good, it is of a bright to a pale yellow 
color. With poor drainage, it approaches a drab or an olive color with pale 
yellow mottlings or a yellow color with mottlings of drab. 

Each stratum of brown silt loam is pervious to water, so that drainage takes 
place with little difficulty. 

A phase of brown silt loam has been found in Edgar county which, because 
of the removal of part of the fine loessial material by erosion, contains glacial 
drift less than 30 inches from the surface. Since this glacial drift, or boulder 
clay, is quite compact, even tho it frequently contains considerable gravel, its 
presence in the subsoil is not a serious objection. This phase of the type occurs 
mostly on the Shelbyville moraine south and east of Kansas and on the Cham- 
paign moraine west of Mortimer. South of the Champaign moraine a phase of 
brown. silt loam is frequently encountered, in areas too small to be mapped, 
that is sufficiently sandy to be classed as a sandy loam. 

Small grayish patehes, which have a tight clay subsoil, also occur in certain 
areas of brown silt loam. They are really small areas of brown-gray silt loam 
on tight clay, but they are too small to be shown on the map. They occur usually 
where there is poor drainage. The soil is cold, not readily pervious, and needs 
good drainage and the incorporation of organic matter. 

While the normal common brown silt loam is in fair physical condition, 
yet continuous cropping to corn, or to corn and oats, with the burning of the 
stalks, is destroying the tilth; the soil is becoming more diffienlt to work; it 
runs together more; and aeration, granulation, and absorption of moisture do 
not take place as readily as formerly. This condition of poor tilth may become 
serious unless better methods of management are more generally adopted; it is 
already one of the factors that limit the crop yields. The remedy is to increase 
the organic-matter content by plowing under farm manure and crop residues, 
such as corn stalks, straw, and clover. 

The addition of fresh organic matter is not only of great value in improving 
the physical condition of this type of soil, but it is of even greater importance 
because of its nitrogen content and because of its power, as it decays, to liberate 
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potassium from the inexhaustible supply in the soil and phosphorus from the 
phosphate contained in or applied to the soil. 

For permanent, profitable systems of farming on brown silt loam, phos- 
phorus should be applied liberally, and sufficient organic matter should be pro- 
vided to furnish the necessary amount of nitrogen. On the ordinary type, lime- 
stone is already becoming deficient. An application of two tons of limestove and 
one-half ton of fine-ground rock phosphate per acre every four years, with the 
return to the soil of all manure made from a rotation of corn, corn, oats, and 
elover, will maintain the fertility of this type, altho heavier initial applications 
may well be made. If grain farming is practiced, the rotation may be 
wheat, corn, oats, and clover, with an extra seeding of clover as a cover crop in 
the wheat, to be plowed under late in the fall or in the following spring for corn; 
and most of the crop residues, with all clover except the seed, should also be 
plowed under. In either system, alfalfa may be grown on a fifth field and moved 
every five years, the hay being fed or sold. In live-stock farming, the regular 
rotation may be extended to five or six years by seeding both timothy and clover 
with the oats, and pasturing for one or two years. Alsike and sweet clover may 
well replace red clover at times, in order to avoid clover sickness. (For results 
of field experiments on the brown silt loam prairie, see Tables 8 to 9.) 


Black Clay Loam (1120, or 920 on moraines) 


Black clay loam represents the flat prairie. It is sometimes called a 
‘*gumbo’’ because of its sticky character. Its formation in the flat, poorly 
drained areas is due to the accumulation of organic matter and to the washing 
in of clay and fine silt from the higher adjoining lands. This type occupies 
53.39 square miles (34,170 acres), or 8.65 percent of the area of the county. It 
is so flat that proper drainage is one of the most difficult problems in its manage- 
ment. 

The surface soil, 0 to 624 inches, is a black, granular clay loam varying 
loeally to a black elayey silt loam on the large flat areas. The organic-matter 
content varies from 55 to 96 tons per acre but averages 76 tons, or 7.6 percent. In 
physical composition this stratum varies somewhat as the type grades into other 
types. As it passes toward brown silt loam, which nearly always surrounds it, 
it becomes more silty. Some small areas contain gravel and coarse sand in con- 
siderable quantities, but these are too small to be shown on the map. : 

The subsurface stratum has a thickness of 10 to 16 inches and varies from 
a black to a brownish gray clay loam, usually somewhat heavier than the surface 
soil. The average amount of organic matter is 3.4 percent, or 68 tons per acre. 
The lower part of this stratum frequently is a drab or yellowish drab silty clay. 
The stratum is quite pervious to water owing to the jointing or checking from 
shrinkage in times of drouth. 

The subsoil to a depth of 40 inches varies from a drab to a yellowish drab 
silty clay. As a rule, the iron is not highly oxidized, because of poor drainage 
and lack of aeration. Coneretions of carbonate of lime are frequently found. 
The perviousness of the subsoil is about the same as that of the subsurface and 
is due to the same cause. When thrown out on the surface where wetting and 
drying may take place, it soon breaks into small cubical masses. Gravel is fre- 
quently present. 


"7 
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Black clay loam presents many variations. In Edgar county as elsewhere, 
the boundary lines between it and the brown silt loam are not always distinct. 
In some areas topography is a great help in locating the boundary, but in other 
places there may be an intermediate zone of greater or less width. The washing 
in of silty material from the surrounding higher lands, especially near the edges 
of the areas, modifies the character of the soil, giving the surface a silty charac- 
ter. This change is taking place more rapidly now, with the annual cultivation 
of the soil, than formerly, when washing was largely prevented by prairie 
grasses, 

Drainage is the first requirement in the management of this type. Altho 
it usually has but little slope, yet because of its perviousness it is easily tile- 
drained. Keeping the soil in good physical condition is very essential, and 
thoro drainage helps to do this to a great extent. As the organic matter is 
destroyed by cultivation and nitrification, and as the limestone is removed by 
eropping and leaching, the soil becomes poorer in physical condition, and as a 
consequence it becomes more difficult to work. Both organic matter and lime- 
stone tend to develop granulation. The former should be maintained by turning 
under manure or such erop residues as corn stalks and straw, and by the use of 
clover and pasture in rotations. Ground limestone should be applied when 
needed to keep the soil sweet. It should be remembered that the difficulty of 
working clay soils is in proportion to their deficiency in organic matter. 

While black clay loam is one of the best soils in the state, yet the clay and 
humus which it contains give it the property of shrinkage and expansion to such 
a degree as to be somewhat objectionable at times, especially during drouth. 
When the soil is wet, these constituents expand, and when the moisture evapo- 
rates or is used by crops, they shrink. This results in the formation of cracks, 
sometimes as much as two or more inches in width at the surface and extending 
with lessening width to two or three feet in depth. During the drouth of 1914, 
the cracks were so large and deep that in many cases a one-inch auger could be 
forced into them, without turning, to a depth of more than two feet. These 
eracks allow the soil strata to dry out rapidly, and as a result the crop is injured 
thru lack of moisture. They may do considerable damage by ‘‘blocking out”’ 
hills of corn and severing the roots. While cracking may not be prevented en- 
tirely, good tilth with a soil mulch will do much toward that end. Both for 
aeration and for producing a mulch for conserving moisture, cultivation is more 
essential on this type than on brown silt loam. It must be remembered, however, 
that cultivation should be as shallow as possible, in order to avoid injuring the 
roots of the corn. 

This type is fairly well supplied with plant food, which is usually liberated 
with sufficient rapidity by a good rotation and by the addition of moderate 
amounts of organic matter. The amount of organic matter added must be in- 
creased, of course; with continued farming, until the nitrogen supplied is equal 
to that removed. Altho the addition of phosphorus is not expected to produce 
marked profit, it will probably pay its cost in the second or third rotation; and 
even if it does not, by maintaining the productive power of the land, the capital 
invested in it is protected. 

At Urbana, on the South Farm of the University of Illinois, a series of 
plots devoted chiefly to variety tests and other crop-production experiments ex- 
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tends across an area of black clay loam. Where rock phosphate has been applied 
at the rate of 500 pounds an acre a year in connection with erop residues, in a 
four-year rotation of wheat, corn, oats, and clover (or soybeans), the value of 
the increase produced per ton of phosphate has been, in three successive rotation 
periods, $2.13, $4.70, and $6.48, respectively, at the lower prices for produce, 
or $3.04, $6.71, and $9.26, respectively, at the higher prices.! In the live-stock 
system, the phosphorus naturally supplied in the manure, supplemented by that 
liberated from this fertile soil, has thus far been nearly sufficient to meet the 
crop requirements; the increase in crop values per ton of phosphate applied 
having been, as an average for the twelve years, only $2.26 at the lower prices, 
or $3.26 at the higher prices. These returns are less than half the cost of the 
phosphorus applied, and some seasons no benefit appears. 

This type is rich in magnesium and calcium, and in the. Wisconsin glacia- 
tion it sometimes contains plenty of carbonates. With continued cropping and 
leaching, applications of limestone will ultimately be needed. 


Drab Clay Loam (1121) 


Drab clay loam oceur's in the large flat areas, which have probably received 
only the very finest material earried down from the low uplands surrounding 
them. The type occupies 28.44 square miles (15,002 acres), or 3.8 percent of 
the area of Edgar county. The topography is flat. 

The surface soil, 0 to 634 inches, is a dark drab, granular clay loam, usually 
lighter in color than black clay loam but more plastic. It contains about 5 per- 
cent of organic matter, or 50 tons per acre. It may contain a perceptible amount 
of gravel and fine sand. It varies somewhat as it grades into black clay loam. 

The subsurface stratum is not separated from the subsoil by any very dis- 
tinct line. Its thickness varies from 10 to 15 inches. In color it frequently ap- 
proaches a dark drab or brownish drab. The organic-matter content averages 
2.5 percent, or 50 tons per acre. 

The subsoil to a depth of 40 inches is usually drab, but varies somewhat 
with the amount of oxidation that has taken place. In some places it shows dull 
yellow blotches, while in others it has brownish or blackish blotches that are due 
probably to the aetion of crayfish. 

In general this type closely resembles black clay loam. The checking of 
the subsoil renders it easy to drain. It is fairly well supplied with plant food, 
but phosphorus and organic manures should be added for the best results. 


Brown Sandy Loam (1160, or 960 on moraines) 


Brown sandy loam occurs in two small arcas west of Brocton and one larger 
area just below the Shelbyville moraine to the south of Paris, covering a total 
of 211 acres. It owes its origin to sand dunes. 

The surface soil contains 1.3 percent of organic matter, while in the more 
sandy subsurface and subsoil the pereentage is still lower. The surface and sub- 
surface strata are slightly acid, and the subsoil quite strongly acid. Very marked 
improvement can be made with ground limestone and legume crops, which, of 


See first paragraph on page 11 for explanation of values, 
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course, should be turned under with other crop residues or returned in farm 
manure. It is doubtful whether the application of either phosphorus or potas- 
sium would prove profitable. The very porous character of the subsoil affords 
such a deep feeding range for plant roots that they are likely to secure plenty 
of those elements even tho the percentage is below that of normal soils. 

For detailed records of field investigations on sandy land, see page 482 of 
Bulletin 193, entitled ‘‘Summary of Illinois Soil Investigations.’’ 


Gray Silt Loam on Tight Clay (830) 


Gray silt loam on tight clay is the predominating soil type in the lower 
Illinoisan glaciation. A large area occurring in Clark county extends just across 
the line into Edgar county, covering only 454 acres in the latter county. This 
area, however, is not so typical as are areas found in the counties to the south, 
owing to the fact that the soil here has undoubtedly received more or less out- 
wash from the moraine, as well as material carried by the wind. 

The surface stratum, 0 to 624 inches, is a friable silt loam varying in color 
from a light to a dark gray and containing sufficient clay to make it slightly 
plastic when wet. It contains about 2.5 percent of organic matter, or 25 tons 
per acre. It is fairly pervious to water, but the low organic-matter content and 
the consequent lack of granulation render it poor in tilth, causing it to ‘‘run 
together’’ readily with heavy rains or with freezing and thawing when very 
wet.. Mechanical analyses show it to contain from 10 to 13 percent of the various 
grades of sand and from 70 to 80 percent of silt. 

The subsurface stratum varies from 10 to 14 inches in thickness, It contains 
about 1.2 percent of organic matter. It is usually of a grayish color, very silty, 
and not readily pervious. 

The natural subsoil begins at a depth of about 20 inches and is usually made 
up of two distinct layers. The upper layer consists of a tough, plastic, tight 
clay, sometimes called hardpan, while the lower subsoil is friable, porous, and 
silty. The tight clay stratum varies from 6 to 12 inches in thickness and is very 
gummy and sticky when wet and very hard when dry. Water percolates thru 
it very slowly. 

Because of the level topography of this type and the tight clay subsoil, 
drainage as a rule is rather poor. It is still a question whether the type can be 
tile-drained profitably; experiments are now being conducted with the view to 
answering this question. 

This type is strongly acid and low in nitrogen. It is in poor physical con- 
dition; it is too eompact for good aeration, and the tight clay subsoil makes it 
very unfavorable for moisture movement. Therefore in the management of this 
type it is essential that limestone be applied and the organic matter increased 
by every practical means. 

Limestone is needed, not only to correct soil acidity, but also to supply 
calcium as plant food. It also increases granulation, or flocculation, and thus 
improves the tilth. About two tons per acre of ground limestone should be ap- 
plied every four or five years, and the initial application may well be from four 
to six tons. 
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In order to inerease the organic-matter content, all forms of vegetation, such 
as legume crops, manure, straw, corn stalks, weeds, ete., should be plowed under 
and no part of them burned. Cowpeas, soybeans, and red, alsike, or sweet clover 
should be grown and turned back into the soil, or fed and the manure returned. 
Probably no crop will prove better adapted to adding organic matter and 
nitrogen to the soil than the common sweet clover (Melilotus alba), a deep-root- 
ing plant which will also help to loosen the tight subsoil and make it more 
pervious. In order to grow this clover, the soil must be sweetened with ground 
limestone and well inoculated with the proper nitrogen-fixing bacteria. 

When one is prepared to turn under some decaying organic matter, then 
it is well to begin the application of phosphorus, using about one ton per acre 
of fine-ground rock phosphate. This application may well be repeated every four 
to six years, until the phosphorus content of the plowed soil is raised to about 
2,000 or 2,500 pounds per acre, after which 800 to 1,200 pounds of phosphate 
every four to six years will be ample to maintain the supply. 

For details of results secured from field investigations on gray silt loam 
on tight clay, those who are especially interested in this soil type in Edgar 
county are referred to pages 7 to 22 of Soil Report No. 8, ‘‘Bond County Soils,’’ 
which will be sent upon request. 


Brown-Gray Sili Loam on Tight Clay (328) - 


Brown-gray silt loam on tight clay oceupies an area of 403 acres. It is 
located just south of the Shelbyville moraine and principally toward the western 
part of the county. This type usually contains many ‘‘sealds’’—places where 
the subsoil comes to the surface or injuriously near it, usually less than 10 inches 
from it. These ‘‘scalds’’ are very irregular in their occurrence, some fields being 
devoid of them while others contain many. They are indicated by their lighter 
color, distinetly seen when the ground has been plowed. 

The surface soil, 0 to 624 inches, is a dark gray to a brown, mealy silt loam 
varying in color with its gradation toward other types. It contains about 3 per- 
cent of organic matter, or 30 tons per acre. It is porous, friable, and easy to 
work. 

The subsurface stratum varies both in thickness and in color, Its average 
thickness is from 10 to 12 inches, but it may be entirely absent where there are 
“‘sealds.’? It consists chiefly of a grayish brown to brownish gray silt loam, the 
color usually becoming lighter with depth. A distinct grayish layer is usually 
found, from 2 to 10 inches thick, just above the subsoil. The character of the 
subsurface varies a great deal, but more especially where it grades toward gray 
silt loam on tight clay (330) or brown silt loam (926). 

The subsoil is made up of two distinct strata somewhat similar to those of 
gray silt loam on tight clay (330). The upper stratum, however, is not so nearly 
impervious as it is in, that type, tho it is sufficiently tight to prevent good 
drainage. 

In the improvement of this type, practically the same methods should be 
employed as are recommended for gray silt loam on tight clay (330), including 
liberal use of ground limestone, legume crops in rotation, organic matter, and 
phosphorus, 
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(b) UpLanp Trmper SorLs 


The upland timber soils occur along streams, or, in some cases, on or near 
somewhat steep morainal ridges. They are characterized by a yellow, yellowish 
gray, or gray color, which is due to their low organic-matter content. This lack 
of organic matter has been caused by the long-continued growth of forest trees. 
As the forests invaded the prairies, two effects were produced: (1) the shading 
of the trees prevented the growth of prairie grasses, the roots of which are mainly 
responsible for the large amount of organic matter in prairie soils; (2) the 
trees themselves added very little organic matter to the soil, for the leaves and 
branches either decayed completely or were burned by forest fires. As a result 
the organic-matter content of the upland timber soils has been reduced until in 
some parts of the state a low condition of apparent equilibrium has been 
reached, 


Vellow-Gray Sitt Loam (834 and 1134, or 934 on moraines) 


Yellow-gray silt loam occurs in the outer timber belts along streams and 
in the less rolling of the timbered morainal areas. 

In the early Wisconsin glaciation (1134 and 934), this type covers 118.36 
square miles (75,750 acres), or 19.17 percent of the area of Edgar county. In 
topography it is sufficiently rolling for good surface drainage, without much 
tendency to wash if proper eare is taken. 

The surface soil, 0 to 6% inches, is a yellow, yellowish gray, gray, or 
brownish gray silt loam, incoherent but not granular. The more nearly level 
areas are gray in color, while the more rolling phase of the type has a yellow 
or brownish yellow color. As the type approaches brown silt loam, it becomes 
decidedly darker. The organic-matter content averages 1.7 percent, or 17 tons 
per acre, but varies considerably with topography. As the type approaches 
brown silt loam, the organic-matter content increases, while as it approaches 
yellow silt loam, it diminishes. In some places it is extremely difficult to draw 
the Ine between the long-eultivated brown silt loam and yellow-gray silt loam, 
because of the gradation between the types. 

The subsurface stratum varies from 3 to 10 inches in thickness, erosion hav- 
ing reduced its thickness on the more rolling areas. It is usually a gray, 
grayish yellow, or yellow silt loam, somewhat pulverulent but becoming more 
coherent and plastic with depth. The organic-matter content is about .7 percent 
or 14 tons per acre. 

The subsoil is a yellow or mottled grayish yellow, clayey silt or silty clay, 
somewhat plastic when wet but friable when only moist, and pervious to water. 

Glacial drift is sometimes encountered at a depth of less than 40 inches. 
This is due to the removal by erosion of part of the loessial material. The glacial 
drift may be locally a very gravelly deposit, but usually it is a slightly gravelly 
elay. 

Each stratum of this type is quite pervious to water, except in the level 
gray areas, where a tight and more or less compact clayey layer has been formed 
at a depth of 18 to 24 inches. Small areas of light gray silt loam on tight clay 
are found in the county, but none are Jarge enough to be shown on the map. 
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In the lower Illinois glaciation (334) yellow-gray silt loam aggregates 22.83 
square miles (14,611 acres), or 3.7 percent of the area of the county. It covers 
almost the entire area south of the Shelbyville moraine. In topography it usually 
varies from undulating to almost flat. 

The surface soil, 0 to 624 inches, is a yellow, grayish yellow, or gray silt 
loam. The freshly plowed surface when first dry after a rain takes on a decided 
grayish appearance. The type varies somewhat, owing to outwash from the 
moraine: in some places, which were previously very heavily timbered, it ap- 
proaches a dark gray color. The organic-matter content of the surface stratum 
is approximately 1.9 percent, or 19 tons per acre. The soil is porous and friable 
but it “‘runs together’’ badly because of its deficiency in organic matter and 
lime. 

The subsurface varies in color from a gray to a yellowish gray. It is 
sufficiently porous to permit slow percolation. Its physical composition is such 
that capillary movement takes place very readily. It contains about .7 percent 
of organic matter. 

The subsoil is a yellow or mottled yellow, clayey silt, somewhat compact but 
rather pervious. The depth to this clayey silt varies from 20 to 30 inches. 

In the management of this yellow-gray silt loam, one of the most essential 
points is the maintaining or the increasing of organic matter. This is necessary 
in order to supply nitrogen and liberate mineral plant food, to give better tilth, 
to prevent ‘‘running together,’’ and on some of the more rolling phases to pre- 
vent washing. 

Another essential is that the acidity of the soil be neutralized by the appli- 
cation of ground limestone, so that clover, alfalfa, and other legumes may be 
grown more successfully. The initial application may well be 4 or 5 tons per 
acre, after which 2 tons per acre every four or five years will be sufficient. Since 
the soil is poor in phosphorus, this element should be applicd, preferably in 
connection with farm manure or clover plowed under. In permanent systems 
of farming, fine-ground natural rock phosphate will be found the most econom- 
ical form in which to supply the phosphorus, altho when prices are normal 
steamed bone meal or acid phosphate may well be used temporarily until plenty 
of decaying organic matter can be provided. 

For definite results from the most practical field experiments upon typical 
yellow-gray silt loam, we must go down into ‘‘Egypt,’’ where the people of Saline 
county, especially those in the vicinity of Raleigh and Galatia, have provided 
the University with a very suitable tract of this type of soil for a permanent 
experiment field. There, as an average of duplicate trials each year for the four 
years 1911 to 1914, the crop values from four acres were $23.49 from untreated 
land, $26.03 where organic manures were applied in proportion to the amount 
of crops produced, and $47.97 where 6 tons per acre of limestone and the organic 
manures were applicd—the wheat, corn, oats, and clover (or cowpeas or soy- 
beans) grown in the rotation being valued at the higher prices heretofore 
mentioned. In 1915 the wheat crop was completely destroyed by hail, but the 
corresponding values for the other three crops were $21.85 with no soil enrich- 
ment, $28.67 with organic matter, and $47.01 with limestone and organic matter. 

Owing to the low supply of organic matter, phosphorus produced almost 
no benefit, as an average, during the first two years; but with increasing applica- 
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tions of organic matter, the effect of phosphorus is becoming more apparent in 
subsequent crops (sce circular 181 for details), Of course the full benefit of a 
four-year rotation cannot be realized during the first four years. The farm 
manure was applied to one field each year, and the fourth field received ne 
manure until the fourth year. Likewise, crop residues plowed under during 
the first rotation may not be fully recovered in subsequent increased yields until 
the second or third rotation period. 

More recently the people of White county have furnished the University 
with a tract of yellow-gray silt loam near Enfield, on which experiments have 
been started. The crop values from four acres, as an average of the first three 
years (1913-1915), were $25.30 from unfertilized land, $28.18 with organic 
manures, $33.86 with manures and limestone, and $39.42 with manures, lime- 
stone, and rock phosphate; and the corresponding values for 1915 were $30.95 
with no treatment, $40.96 with organie manures, $50.53 with manures and lime- 
stone, and $60.36 with manures, limestone, and phosphate. (In all of these cases, 
the results given are the averages of data from two systems of farming, which 
include the use of farm manure in one and green manures and crop residues in 
the other.) 

While limestone is the material first needed for the economic improvement 
of the more acid soils of southern Illinois, with organic manures and phosphorus 
to follow in order, the less acid soils of the central part of the state are first in 
need of phosphorus, altho limestone and organic matter must also be provided 
for permanent and best results. 

Table 12 shows in detail thirteen years’ results secured from the Antioch 
soil experiment field located in Lake county on the yellow-gray silt loam of the 
late Wisconsin glaciation. In acidity this type in Edgar county is intermediate 
between the similar soils in Saline and Lake counties, but no experiment field 
has been conducted on this important soil type in the early Wisconsin glaciation, 
in which most of Edgar county is situated. 

The Antioch field was started in order to learn as quickly as possible what 
effect would be produced by the addition to this type of soil, of nitrogen, phos- 
phorus, and potassium, singly and in combination. These elements were all 
added in commercial form until 1911, after which the usc of commercial nitrogen 
was discontinued and crop residues were substituted in its place. (See report of 
Urbana field, page 7, for further explanations.) Only a small amount of lime 
was applied at the beginning, in harmony with the teaching which was common 
at that time; furthermore, Plot 101 proved to be abnormal, so that no conelu- 
sions can be drawn regarding the effect of lime. In order to ascertain the effect 
produced by additions of the different elements singly, Plot 102 must be re- 
garded as the check plot. Three other comparisons are also possible to determine 
the effect of each element under different conditions. 

As an average of forty tests (four each year for ten years), liberal applica- 
tions of commercial nitrogen produced a slight decrease in crop values; but as an 
average of thirteen years each dollar invested in phosphorus paid back $2.54 
(Plot 104), while potassium applied in addition to phosphorus (Plot 108) pro- 
duced no increase, the crops being valued at the lower prices used in the tabular 
statement. Thus, while the detailed data show great variation, owing both to 
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TABLE 13.—VALUE oF Crops PER ACRE IN THIRTEEN YEaRs, ANTIOCH FIELD 


~ a ~~] ‘Total value of 
thirteen crops _ 


: i 
Plot Soil treatment applied Lower | Hicher Higher 

prices’ | prices® 
101 (NGGGiicccsddendcadcnd sdenaded Cae eknwes He Leo ee eLa ORE ORE COE $135.12 | $193.03 
a ee ee rere err ee Tre Tee) eee 119.74 | 171.06 


10S |Lime, nitrogen......ccececsc etter sce cscsscserectsesseeeneerars 124.70 | 178.15 
104 jLiime, phosphorus. ... 0... cece cece e cee eee eee eee eter nee e teen eee 202.20 288.85 
105 |Lime, potassium........--....-005 ..| 138.88 ; 198.40 
106 |Lime, nitrogen, phosphorus.........6- 2. cece eee reece cere reeeeee 179.41 | 256.31 
107 |Lime, nitrogen, potassiUM........... seen ence eee eee ences y.| 133.54 190.77 
108 |Lime, phosphorus, potassium..........seeeeeeeeee rece tees teetee 201.85 | 287.65 
109 |\Lime, nitrogen, phosphorus, potassium 191.22 273,18 
110 |Nitrogen, phosphorus, potassium.............-..- pees eee eee 196.62 | 280.88 
Value of Increase per Acre in Thirteen Years 
For nitrogen... .cesseserecusecns -slatesela giensneras Sob bisisemiaaiveacs Teevesesee] $4.96 | $ 7.09 
Hor PHORPNONUE. <.csscscadieseer care eweernde en Se here es asanae Tea Vanes 82.46 117.79 
For nitrogen and phosphorus over phosphorus...........0eeeeeee eee ‘.| ~22.79 | -32.54 
For phosphorus and nitrogen over nitrogen..........eeaceee eee e eee eens 54.71 78.16 
For potassium, nitrogen, and phosphorus over nitrogen and phosphorus..... 11.81 16.87 


*Wheat at 70 cents a bushel, corn at 35 cents, oats at 28 cents, hay at $7 a ton. 
*Wheat at $1 a bushel, corn at 50 cents, oats at 40 cents, hay at $10 a ton. 


some irregularity of soil and te some very abnormal seasons, with three almost 
complete crop failures (1904, 1907, and 1910), yet the general summary strongly 
confirms the analytical data in showing the need of applying phosphorus, and 
the profit from its use, and the loss in adding potassium. In mose cases com- 
mercial nitrogen damaged the small grains by causing the crop to lodge; but in 
those years when a corn yield of 40 bushels or more was secured by the appli- 
cation of phosphorus either alone or with potassium, then the addition of nitro- 
gen produced an increase, 

From a comparison of the results from the Urbana, Sibley, and Blooming- 
ton fields, we must conclude that better yields are to be secured by providing 
nitrogen by means of farm manure or legume crops grown in the rotation than 
by the use of commercial nitrogen, which is evidently too readily available, caus- 
ing too rapid growth and consequent weakness of straw; and of course the at- 
mosphere is the most economical source of nitrogen where that element is needed 
for soil improvement in general farming. (See Appendix for detailed discussion 
of ‘‘Permanent Soil Improvement.’’) 


Yellow Silt Loam (335 and 1135, or 935 on moraines) 


In the early Wisconsin glaciation (1135 and 935), yellow silt loam covers 
39.79 square miles (25,466 acres), or 6.45 percent of the areca of Edgar county. 
It occurs as hilly and badly-eroded land on the inner timber belts adjacent to 
the streams, usually only in irregular strips with arms extending up the small 
valleys and on the steeper slopes of the Shelbyville moraine. In topography 
it is very rolling, and in most places it is so badly broken that it should not 
be cultivated because of the danger of injury from washing. 

The surface soil, 0 to 624 inches, is a yellow or grayish yellow, pulverulent 
silt loam. It varies greatly in color and in texture owing to recent washing. 
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In places the natural subsoil may be exposed. This exposure results in a de- 
eidedly yellow color. When freshly plowed the soil appears yellow or brownish 
yellow, but when it becomes dry after a rain, it is of a grayish color. In some 
places the surface soil is formed from glacial drift, but this is only on very 
limited areas and on the steepest slopes. The organic-matter content is the lowest 
of any extensive type in the county, averaging about 1.1 percent, or 11 tons 
per acre. 

The subsurface varies from a yellow silt loam to a yellow, clayey silt 
loam, and on the steepest slopes may consist of weathered glacial drift. The 
thickness of the stratum varies from 5 to 12 inches, depending on the amount of 
recent erosion. The organic-matter content amounts to only 10 tons per acre. 

The subsoil is normally a yellow, clayey silt, but in some areas, not only 
the subsoil, but the surface and subsurface, may be composed entirely of glacial 
drift. Where Sugar creck passes thru the Shelbyville moraine, the glacial 
drift is very sandy and gravelly, giving slopes that are quite sandy. 

The area of yellow silt loam within the lower Illinoisan glaciation is 5.62 
square miles (3,597 acres), or .9 percent of the area of the county. It is of 
rather choppy topography, the slopes as a rule being short and abrupt. 

The surface soil, 0 to 634 inches, is a friable, yellow silt loam varying some- 
what with topography. 

The subsurface varies in thickness; where little or no washing has taken 
place, it is from 6 to 14 inches thick. It consists of a friable, slightly loamy 
yellow silt mottled with gray. 

The subsoil is usually friable and pervious. Glacial drift is occasionally 
encountered at a depth of about 30 to 36 inches. 

The first and most important point in the management of this type is the 
prevention of general surface washing and gullying. If the land is cropped at 
all, a rotation should be practiced that will require a cultivated crop as little 
as possible and allow pasture and meadow most of the time. If tilled, the 
land should be plowed deeply and contours should be followed as nearly as 
possible in plowing, planting, and cultivating. Furrows should not be made 
up and down the slopes. Every means should be employed to maintain and to 
inerease the organic-matter content. This will help hold the soil and keep it 
in good physical condition so that it will absorb a large amount of water and 
thus diminish the run-off. 

Additional treatment recommended for this yellow silt loam is the liberal 
use of limestone wherever cropping is practiced. This type is quite acid; and 
the limestone, by correcting the acidity of the soil, is especially beneficial to 
the clover grown to inerease the supply of nitrogen. ‘Where this soil has been 
long cultivated and thus exposed to surface washing, it is particularly deficient 
in nitrogen; indeed, on such lands the low supply of nitrogen is the factor that 
first limits the growth of grain crops. This fact is very strikingly illustrated 
by the results from two-pot culture experiments reported in Tables 14 and 15, 
and shown photographically in Plates 7 and 8. 

In one experiment, a large quantity of the typical worn, hill soil was col- 
lected from two different places. Bach lot of soil was thoroly mixed and put 
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in ten four-gallon jars. Wheat was planted in one series and oats in the other.’ 
Ground limestone was added to all the jars except the first and last in each set, 
those two being retained as control, or check, pots. The elements nitrogen, 
phosphorus, and potassium were added singly and in combination, as shown 
in Table 14. 

As an average, the nitrogen applicd produced a yield about eight times as 
large as that secured without the addition of nitrogen. While some variations 
in yield were to be expected, because of differences in the individuality of seed or 
other uncontrolled causes, yet there is no doubting the plain lesson taught by 
these actual trials with growing plants. 

The question arises next, Where is the farmer to secure this much-needed 
nitrogen? To purchase it in commercial fertilizers would cost too much; indeed, 
under average conditions the cost of the nitrogen in such fertilizers is greater 
than the value of the increase in crop yields. 


Puare 7,—-WHEatT IN Pot-CULTURE EXPERIMENT WITH YeLLOw Sizt Loam or Worw Hitt Lanp 
(See Table 14) 


TaBLe 14,—Crop Yienps in Pot-CuLTURE EXPERIMENTS WITH YELLOW Sit LOAM 
or Worn Hitt LANp 


(Grams per pot) 


a Soil treatment applied Wheat Oats 

Ll INGHO, .<wasciscavasd tees eee ahaa ne wae is darapada Kost aie de Haars 3 5 

2 |Limestome.... 0.0... cece cece eco eee 4 | 4 

3 |Limestone, nitrogen 26 45 

4 |Limestone, phosphorus. cua owed ; : a 6 

5 {Limestone, potassium....... ai nielasediocnew ere gh ie -a-aendts 3 5 

6 jLimestone, nitrogen, phasphorus... 34 38 

7 \Limestone, nitrogen, potassium. ...........-2 226 cece cere eee eee 33 46 

8 |Limestone, phosphorus, potassium 2 5 

9 \Limestone, nitrogen, phosphorus, potassium...........---eee eres 34 38 

D0) [NONGris oii tes eee a ee hada ee TR en ee eee cone 3 5 
Average yield with nitrogen........ es. cee e eee eee ee eee eens emgeeted 32 42 
Average yield without nitrogen. ......... 6.0. ce cece eee ence e teen eens 3 5 
Average gain for nitrogen... . 6... 6s see e eee eee 29 37 


*Soil for wheat pots from loess-covered unglaciated area, and that for oat pots from 
upper Tlinoisan glaciation. 
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But there is no need whatever to purchase nitrogen, for the air contains an 
inexhaustible supply of it, which, under suitable conditions, the farmer can draw 
upon, not only without cost, but with profit in the getting. Clover, alfalfa, cow- 
peas, and soybeans are not only worth raising for their own sake, but they have 
the power to secure nitrogen from the atmosphere if the soil contains limestone 
and the proper nitrogen-fixing bacteria. 

In order to secure further information along this line, another experiment 
with pot cultures was conducted for several years with the same type of worn 
hill soil as that used for wheat in the former experiment. The results are re- 
ported in Table 15. 

To three pots (Nos. 3, 6, and 9) nitrogen was applied in commercial form, 
at an expense amounting to more than the total value of the crops produced. In 
three other pots (Nos. 2, 11, and 12) a crop of cowpeas was grown during the 
late summer and fall and turned under before the wheat or oats were planted. 
Pots 1 and 8 served for important comparisons. After the second cover crop of 
cowpeas had been turned under, the yield from Pot 2 exceeded that from Pot 3; 
and in the subsequent years the lezume green manures produced, as an average, 
rather better results than the commercial nitrogen. This experiment confirms 
that reported in Table 14 in showing the very great need of nitrogen for the 


PLATE 8—Wueat In Pot-CuLturs EXPERIMENT WITH YELLOW SILT Loam or Worn Hiti Lanp 
(See Table 15) 


TABLE 15.—Crop Yrevps in Pot-CuLturE EXPERIMENT wirn YELLow Sint Loam oF Worn 
Hitt LAanp AND NITRoGEN-FIxing GREEN MANURE CRoPs 


(Grams per pot) 


Pot . 1903 1904 1905 1906 1907 
No. Soil treatment Wheat | Wheat | Wheat | Wheat | Oats 
Lo WNGHG rec 2ave te aeiwades scr aeduedaseeans 5 4 4 4 6 
2 jLimestone, legume....... 5. cece eee eee eee 10 17 26 19 87 
11 ‘Limestone, legume, phosphorus.............5 14 19 20 18 27 
12 |Limestone, legume, phosphorus, potassium....; 16 20 21 19 30 
3 (Limestone, nitrogen...............ee eee eee 17 14 15 9 28 
6 (Limestone, nitrogen, phosphorus............. 26 20 18 18 30 
9 (Limestone, nitrogen, phosphorus, potassium...| 31 34 21 20 26 
8 |Limestone, phosphorus, potassium........... 3 3 5 3 a 
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improvement of this type of soil,—and it also shows that nitrogen need not be 
purchased but that it ean be obtained from the air by growing legume crops and 
plowing them under as green manure. Of course the soil can be very markedly 
improved. by feeding the legume crops to live stock and returning the resulting 
farm manure to the land, if legumes are grown frequently enough and if the farm 
manure produced is sufficiently abundant and is saved and applied with care. 
As a rule, it is not advisable to try to enrich this type of soil in phosphorus, 
for with erosion, which is sure to occur to some extent, the phosphorus supply will 
be renewed from the subsoil. 

Probably the best legumes for this type of soil are sweet clover and alfalfa. 
On soil deficient in organic matter sweet clover grows better than almost any 
other legume, and the fact that it is a very deep-rooting plant makes it of value 
in inereasing organic matter and preventing washing. Worthless slopes that 
have been ruined by washing may be made profitable as pasture by growing sweet 
clover. The blue grass of pastures may well be supplemented by sweet clover 
and alfalfa, and a larger growth obtained, because the legumes provide the neces- 
sary nitrogen for the blue grass. 

To get alfalfa well started requires the liberal use of limestone, thoro inocu- 
lation with the proper nitrogen-fixing bacteria, and a moderate application of 
farm manure. If manure is not available, it is well to apply about 500 pounds per 
acre of acid phosphate, or steamed bone meal, mix it with the soil, by disking if 
possible, and then plow it under. The limestone (about 5 tons) should be applied 
after plowing and should be mixed with the surface soil in the preparation of the 
seed bed. The special purpose of this treatment is to give the alfalfa a quick start 
in order that it may grow rapidly and thus protect the soil from washing. 


Yellow-Gray Sandy Loam (364 and 1164, or 964 on moraines) 


In Edgar county only one small area of yellow-gray sandy loam (83 acres) 
occurs in the early Wisconsin glaciation. This varies quite largely both in 
organic-matter and in sand content. 

Several small areas of the type are found, principally on the east side of 
creeks, in the lower Ilinoisan glaciation. They cover a total of 115 acres. They 
have been produced by the blowing of the sand from the bottom lands adjacent, 
and usually show a dune topography. They vary in physical composition, nearly 
every one of them showing a small sand area on the top, with varying amounts 
of sand on the sides. The soil not only contains no limestone but is generally 
distinctly acid, and it is exceedingly deficient in organic matter and nitrogen. 

For the improvement of these sandy areas, ground limestone and organic 
manures are the only materials advised. With the deep feeding range afforded 
the plant roots by the very porous subsoil, marked improvement can be made 
without the addition of phosphorus or potassium. The initial application 
of ground limestone may well be 4 or 5 tons per acre, and 6 or 8 tons will give 
still better results, especially for the production of alfalfa or sweet clover. Of 
course large use should be made of legume crops. Cowpeas and soybeans are 
both good crops for such land; they may be grown and plowed under in place of 
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manure in preparing the land for alfalfa or other crops. (See also pages 482-483 
of Bulletin 193, ‘‘Summary of Illinois Soil Investigations,’’? which will be sent 
upon request.) 


(c) TERRACE Sors 


Terrace soils were formed. on terraces or old fills in valleys. The terraces 
owe their formation generally to the deposition of material from an overloaded 
and flooded stream during the melting of the glaciers. The material varied 
from fine to coarse. These valleys were sometimes filled almost to the height 
of the upland. Later the streams cut down thru these fills and developed new 
bottom lands, or flood plains, at a lower level, leaving part of the old fill as a 
terrace. The lowest and most recently formed bottom land is called first bottom. 
The higher land no longer flooded (or very rarely, at most) is generally desig- 
nated as second bottom. Finer material later deposited on this sand and gravel 
of the fill now constitutes the soil. 


Yellow-Gray Sit Loam over Gravel (1536) 


Yellow-gray silt loam over gravel occurs principally along Bruelette creek, 
in the eastern part of Edgar county, at heights varying from forty feet above 
the bottom land to almost to the level of the upland. It covers an area of 2.8 
square miles (1,798 acres), or 46 percent of the area of the county. 

The surface soil, 0 to 624 inches, is a yellow to yellow-gray silt loam con- 
taining some fine sand. The organic-matter content averages 2.5 percent, or 
25 tons per acre. ; i 

The subsurface soil is a somewhat uniform yellow silt loam, changing but 
slightly to a depth of 20 inches, where it passes into the subsoil, which contains 
a little more clay than the subsurface. Isolated gravel is frequently encountered 
below 30 inches, altho the stratum of gravel is not reached much above 48 to 60 
inches, 

This type is well drained. The liberal use of ground limestone and legume 
crops is the most important point in its management. An increase of organic 
matter is very essential, as this. constituent is so low that the soil ‘‘runs together’’ 
sadly during rains. Phosphorus must also be applied for the best results. 


Yellow-Gray Sandy Loam on Gravel (1564.4) 


Yellow-gray sandy loam on gravel is found almost entirely as a terrace 
along Sugar. creek, lying from six to twenty feet above the stream. The type 
covers an area of 1.1 square miles, or 710 acres. 

The surface soil, 0 to 634 inches, is a variable sandy loam containing 2 
percent of organic matter, or 20 tons per acre. 

The subsurface varies from 10 to 20 inches in thickness. It is a sandy 
loam and becomes more sandy and gravelly with depth until at 16 to 28 inches 
a deposit of medium to coarse gravel is found, which constitutes the subsoil. 

Limestone and organie matter are most necded for the practical improve- 
ment of this soil. This means larfe use of leeume crops and organic manures. 
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(d) Swamp anp Borrom-Lanp Sorus 
Mixed Loam (1454) 


Mixed loam oceurs as overflow land along the streams in areas varying from 
a few rods to almost half a mile in width. It covers 24.49 square miles (15,674 
acres), or 4 percent of the entire area of Edgar county, 

The surface soil, 0 to 624 inches, is mostly a silt loam, but varies from that 
to a very sandy loam. It contains 2.2 percent of organic matter, or 22 tons 
per acre. The subsurface soil contains 1.3 percent of organic matter, or 26 tons 
per aere. 

This type varies not only in composition at a given time, but also from one 
time to another because of floods. Sand may be deposited over a silt loam or a 
large amount of silt deposited over a sandy loam. The type south of the Shelby- 
ville moraine differs but little from that to the north because of the fact that 
very little gray material of the lower Illinoisan glaciation is deposited before 
the stream leaves the county. 

Overflowing as this type does, there is very little need of adopting any 
method of soil enrichment. 
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APPENDIX 


A study of the soil map and the tabular statements concerning crop require- 
ments, the plant-food content of the different soil types, and the actual results 
secured from definite field trials with different methods or systems of soil im- 
provement, and a careful study of the discussion of general principles and of 
the descriptions of individual soil types, will furnish the most necessary and use- 
ful information for the practical improvement and permanent preservation of 
the productive power of every kind of soil on every farm in the county, 

More complete information concerning the most extensive and important soil 
types in the great soil areas in all parts of Illinois is contained in Bulletin 123, 
“The Fertility in Wlinois Soils,’ which contains a colored general soil-survey 
map of the entire state. 


Other publications of general interest are: 

Bulletins 

76 Alfalfa on Illinois Soils 

94 Nitrogen Bacteria and Legumes 

115 Soil Improvement for the Worn Hill Lands of Illinois 

125 Thirty Years of Crop Rotation on the Common Prairie Lands of Illinois 
181 Soil Moisture and Tillage for Corn 

182 Potassium from the Soil 

190 Soil Bacteria and Phosphates 


Circulars 


82 Physical Improvement of Soils 

110 Ground Limestone for Acid Soils 

127 Shall We Use Natural Rock Phosphate or Manufactured Acid Phosphate for the Perma- 
nent Improvement of Illinois Soils? 

129 The Use of Commercial Fertilizers 

149 Results of Scientific Soil Treatment: Methods and Results of Ten Years’ Soil Investi- 
gation in Illinois 

165 Shall We Use ‘‘Complete’’ Commercial Fertilizers in the Corn Belt? 

167 The Illinois System of Permanent Fertility 

181 How Not to Treat Tlinois Soils 

186 The Illinois System of Permanent Fertility from the Standpoint of the Practical Farmer: 
Phosphates and Honesty 


Norr.—Information as to where to obtain limestone, phosphate, bone meal, and potas- 
sium salts, methods of application, ete., will also be found in Circulars 110 and 165. 


Som Survey Mrrsops 


The detail soil survey of a county consists essentially of ascertaining, and 
indicating on a map, the location and extent of the different soil types; and, 
since the value of the survey depends upon its accuracy, every reasonable means 
is employed to make it truthworthy. To accomplish this object three things are 
essential: first, careful, well-trained men to do the work; second, an accurate 
base map upon which to show the results of the work; and, third, the means 
necessary to enable the men to place the soil-type boundaries, streams, etc., 
accurately upon the map. 

The men selected for the work must be able to keep their location exactly 
and to recognize the different soil types, with their principal variations and lim- 
its, and they must show these upon the maps correctly. A definite system is 
employed in checking up this work. As an illustration, one soil expert will sur- 
vey and map a strip 80 rods or 160 rods wide and any convenient length, while 
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his associate will work independently on another strip adjoining this area, and, 
if the work is correctly done, the soil type boundaries will match up on the line 
between the two strips. 

An accurate base map for field use is absolutely necessary for soil mapping. 
The base maps are made on a seale of one inch to the mile. The official data 
of the original or subsequent land survey are used as a basis in the construc- 
tion of these maps, while the most trustworthy county map available is used in 
locating temporarily the streams, roads, and railroads. Since the best of these 
published maps have some inaccuracies, the location of every road, stream, and 
railroad must be verified by the soil surveyors, and corrected if wrongly located. 
In order to make these verifications and corrections, each survey party is pro- 
vided with a plane table for determining directions of angling roads, railroads, 
ete. 

Each surveyor is provided with a base map of the proper scale, which is 
carried with him in the field; and the soil-type boundaries, ditches, streams, and 
necessary corrections are placed in their proper locations upon the map while 
the mapper is on the area. Each section, or square mile, is divided into 40-acre 
plots on the map, and the surveyor must inspect every ten acres and determine 
the type or types of soil composing it. The different types are indicated on the 
map by different colors, pencils for this purpose being carried in the field. 

A small auger 40 inches long forms for each man an invaluable tool with 
which he can quickly secure samples of the different strata for inspéction, An 
extension for making the auger 80 inches long is carried by each party, so that 
any peculiarity of the deeper subsoil layers may be studied. Each man carries 
a compass to aid in keeping directions. Distances along roads are measured by 
an odometer attached to the axle of the vehicle, while distances in the field off 
the roads are determined by pacing, an art in which the men become expert by 
practice. The soil boundaries can thus be located with as high a degree of ac- 
curacy as can be indicated by pencil on the seale of one inch to the mile. 


Som, CHARACTERISTICS 


The unit in the soil survey is the soil type, and each type possesses more or 
less definite characteristics. The line of separation between adjoining types is 
usually distinct, but sometimes one type grades into another so gradually that 
it is very difficult to draw the line between them. In such exceptional cases, 
some slight variation in the location of soil-type boundaries is unavoidable. 

Several factors must be taken into account in establishing soil types. These 
are: (1) the geological origin of the soil, whether residual, glacial, loessial, al- 
luvial, colluvial, or cumulose; (2) the topography, or lay of the land; (3) the 
native vegetation, as forest or prairie grasses; (4) the structure, or the depth 
and character of the surface, subsurface, and subsoil; (5) the physical, or me- 
chanical, composition of the different strata composing the soil, such as the per- 
centages of gravel, sand, silt, clay, and organic matter which they contain; (6) 
the texture, or porosity, granulation, friability, plasticity, ete.; (7) the color of 
the strata; (8) the natural drainage; (9) the agricultural value, based upon its 
natural productiveness; (10) the ultimate chemical composition and reaction. 
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The common soil constituents are indicated in the following outline: 


Organic Comprizing undecomposed and partially decayed 

matter vegetable or organic material 
Soil Nay ia cain do eee eee dads desas oe 001 mm and less 
constituents Bill. cescencerseueneasa vanes ++..001 mm. to .03 mm. 
Mineral Sand....... ey rer ere paeatirend .03 mm. to 1. mm. 
matter Gravel ..ccseeeceven acne Mea eie neha 1, mm. to 32 mm. 
Stones....... a 0 ore 32. mm. and over 


125 millimeters equal 1 inch. 


Further discussion of these constituents is given in Circular 82, 


Groups or Som TYPES 


The following gives the different general groups of soils: 

Peats—Consisting of 35 percent or more of organie matter, sometimes mixed with more 
or less sand or silt. 

Peaty loams—Soils with 15 to 35 percent of organic matter mixed with much sand. 
Some silt and a little clay may be present. 

Mucks—Soils with 15 to 35 percent of partly decomposed organic matter mixed with 
mueh clay and silt. 

Clays—Soils with more than 25 percent of clay, usually mixed with much silt. 


Clay loams—Soils with from 15 to 25 percent of clay, usually mixed with much silt and 
some sand. 


Sit loams—Soils with more than 50 percent of silt and less than 15 percent of clay, 
mixed with some sand. 


Loams—Soils with from 20 to 50 pereent of sand mixed with much silt and a little clay. 
Sandy loams—Soils with from 50 to 75 percent of sand. 


Fine sandy loams—Soils with from 50 to 75 percent of fine sand mixed with much silt 
and a little clay. 


Sands—Soils with more than 75 percert of sand. 
Gravelly loams—Soils with 25 to 50 percent of gravel with much sand and some silt. 
Gravels—Soils with more than 50 percent of gravel and much sand. 


Stony loams—Soils containing a considerable number of stones over one inch in diam- 
eter, 


Rock outerop—Usually ledges of rock having no direct agricultural value. 
More or less organic matter is found in all the above groups. 


Supply AND LIBERATION oF PLANT Foop 


The productive capacity of land in humid sections depends almost wholly 
upon the power of the soil to feed the crop; and this, in turn, depends both 
upon the stock of plant food contained in the soil and upon the rate at which 
it is liberated, or rendered soluble and available for use in plant growth. Pro- 
tection from weeds, insects, and fungous diseases, tho exceedingly important, is 
not a positive but a negative factor in crop production. 

The chemical analysis of the soil gives the invoice of fertility actually pres- 
ent in the soil strata sampled and analyzed, but the rate of liberation is gov- 
erned by many factors, some of which may be controlled by the farmer, while 
others are largely beyond his control. Chief among the important controllable 
factors which influence the liberation of plant food are limestone and decaying 
organic matter, which may be added to the soil by direct application of ground 
limestone and farm manure. Organic matter may be supplied also by green- 
manure crops and crop residues, such as clover, cowpeas, straw, and corn stalks. 
The rate of decay of organic matter depends largely upon its age and origin, 
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and it may be hastened by tillage. The chemical. analysis shows correctly the . 
total organic carbon, which represents, as a rule, but little more than half the 
organic matter; so that 20,000 pounds of organic carbon in the plowed soil of 
an acre correspond to nearly 20 tons of organic matter. But this organic mat- 
ter consists largely of the old organic residues that have accumulated during the 
past centuries because they were resistant to decay, and 2 tons of clover or cow- 
peas plowed under may have greater power to furnish or liberate plant food 
than the 20 tons of old, inactive organic matter. The recent history of the in- 
dividual farm or field must be depended upon for information concerning recent 
additions of active organic matter, whether in applications of farm manure, in 
legume erops, or in grass-root sods of old pastures. 

Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. Even tho plowed alike and 
at the same time, prepared the same way, planted the same day with the same 
kind of seed, and cultivated alike, watered by the same rains and warmed by 
the same sun, nevertheless the best acre may produce twice as large a crop as 
the poorest acre on the same farm, if not, indeed, in the same field; and the 
fact should be repeated and emphasized that with the normal rainfall of IIli- 
nois the productive power of the land depends primarily upon the stock of plant 
food contained in the soil and upon the rate at which it is liberated, just as 
the success of the merchant depends primarily upon his stock of goods and the 
rapidity of sales. In both cases the stock of any commodity must be increased 
or renewed whenever the supply of such commodity becomes so depleted as to 
limit the success of the business, whether on the farm or in the store. 

As the organic matter decays, certain decomposition products are formed, 
ineluding much carbonic acid, some nitrous acid, and various organic acids, and 
these have power to act upon the soil and dissolve the essential mineral plant 
foods, thus furnishing soluble phosphates, nitrates, and other salts of potassium, 
magnesium, calcium, etc., for the use of the growing crop. 

As already explained, fresh organic matter decomposes much more rapidly 
than old humus, which represents the organic residues most resistant to decay 
and which consequently has accumulated in the soil during the past. centuries. 
The decay of this old humus can be hastened by tillage, which maintains a porous 
condition and thus permits the oxygen of the air to enter the soil more freely 
and to effect the more rapid oxidation of the organic matter, and also by in- 
corporating with the old, resistant residues some fresh organic matter, such as 
farm manure, clover roots, ete., which decay rapidly and thus furnish, or lib- 
erate, organic and inorganic food for bacteria, the bacteria, under such favorable 
conditions, appearing to have power to attack and decompose the old humus. It 
is probably for this reason that peat, a very inactive and inefficient fertilizer 
when used by itself, becomes much more effective when composted with fresh 
farm manure; so that two tons of the compost! may be worth as much as two 
tons of manure. Bacterial action is also promoted by the presence of limestone. 

The condition of the organic matter of the soil is indicated more or less 
definitely by the ratio of carbon to nitrogen. As an average, the fresh organic 
matter incorporated with soils contains about twenty times as much carbon as 


In his book, ‘‘Fertilizers,’’ published in 1839, Cuthbert W. Johnson reported sueh com- 
post to have been much used in England and to be valued as highly, ‘‘ weight for weight, as 
farmyard dung.’’ 
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nitrogen, but the carbohydrates ferment and decompose much more rapidly than 
the nitrogenous matter; and the old resistant organic residues, such as are found 
in normal subsoils, commonly contain only five or six times as much carbon as 
nitrogen. Soils of normal physical composition, such as loam, clay loam, silt 
loam, and fine sandy loam, when in good productive condition, contain about 
twelve to fourteen times as much carbon as nitrogen in the surface soil; while 
in old, worn soils that are greatly in need of fresh, active, organic manures, the 
ratio is narrower, sometimes falling below ten of carbon to one of nitrogen. 
Soils of cut-over or burnt-over timber lands sometimes contain so much partially 
decayed wood or charcoal as to destroy the value of the nitrogen-carbon ratio 
for the purpose indicated. (Except in newly made alluvial soils, the ratio is 
usually narrower in the subsurface and subsoil than in the surface stratuin.) 

It should be kept in mind that crops are not made out of nothing. They 
are composed of ten different elements of plant food, every one of which is 
absolutely essential for the growth and formation of every agricultural plant. 
Of these ten elements of plant food, only two (carbon and oxygen) are secured 
from the air by all agricultural plants, only one (hydrogen) from water, and 
seven from the soil. Nitrogen, one of these seven elements secured from the 
soil by all plants, may also be secured from the air by one class of plants 
(legumes), in case the amount liberated from the soil is insufficient; but even 
these plants (which include only the clovers, alfalfa, peas, beans, and vetches, 
among our common agricultural plants) secure from the soil alone six elements 
(phosphorus, potassium, magnesium, calcium, iron, and sulfur), and also utilize 
the soil nitrogen so far as it becomes soluble and available during their period 
of growth. 

Plants are made of plant-food elements in just the same sense that a build- 
ing is made of wood and iron, brick, stone, and mortar. Without materials, 
nothing material can be made. The normal temperature, sunshine, rainfall, and 
length of season in central Illinois are sufficient to produce 50 bushels of wheat 
per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons of clover hay; and, 
where the land is properly drained and properly tilled, such crops would fre- 
quently be secured if the plant foods were present in sufficient amounts and 
liberated at a sufficiently rapid rate to meet the absolute needs of the crops. 


Crop REQUIREMENTS 


The accompanying table shows the requirements of wheat, corn, oats, and 
clover for the five most important plant-food elements which the soil must fur- 
nish. (Iron and sulfur are supplied normally in sufficient abundance compared 
with the amounts needed by plants, so that they are never known to limit the 
yield of general farm crops grown under normal conditions.) 

To be sure, these are large yields, but shall we try to make possible the 
production of yields only a half or a quarter as large as these, or shall we set as 
our ideal this higher mark, and then approach it as nearly as possible with 
profit? Among the four erops, corn is the largest, with a total yield of more 
than six tons per acre; and yet the 100-bushel crop of corn is often produced 
on rich land in good seasons. In very practical and profitable systems of farm- 
ing, the Illinois Experiment Station has produced, as an average of the ten 
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TasLE A.—PLANT Foop IN WHEAT, CoRN, Oats, AND CLOVER 


Produce _| Nitro- Phos- | Potas- | Magne- Cal- 
Kind Amount gen phorus sium sium cium 
| Bs. ibs, Ths. ibs. ibs. 
Wheat, grain........ 50 bu. 71 12 13 4 j 
Wheat straw ....... j 21% tons 25 4 45 4 19 
Corn, grain.......... 100 bu. 100 17 19 T 1 
Corn stover ......... 3 tous 48 6 4 52 10 21 
Corn cobs......-..-. | ¥% ton 74 2 
Oats, grain.......... 100 bu. 66 11 16 OC 4 2 
Oat straw........... 2% tons 31 5 52 7 15 
Clover secd.........+ 4bu. q 2 Bg 1 1 
Clover hay........... - 4tons 160 20 120 31 | a7 
Total im grain and seed.........-...0005% 2440 | 4 51 16 4 
Total in four crops....-...+-seeeeeeee ee | 5108 77 =| 322 68 168 


ever, may be secured from the air. 


years 1906 to 1915, a yield of 77 bushels of corn per acre in grain farming (with 
limestone and phosphorus applied, and with crop residues and legume crops 
turned under), and 79 bushels per acre in live-stock farming (with limestone, 
phosphorus, and manure). 

The importance of maintaining a rich surface soil cannot be too strongly 
emphasized. This is well illustrated by data from the Rothamsted Experiment 
Station, the oldest in the world. On Broadbalk field, where wheat has been 
grown since 1844, the average yields for the ten years 1892 to 1901 were 12.3 
bushels per acre on Plot 3 (unfertilized) and 31.8 bushels on Plot 7 (well ferti- 
lized), but the amounts of both nitrogen and phosphorus in the subsoil (9 to 27 
inches) were distinetly greater in Plot 3 than in Plot 7, thus showing that the 
higher yields from Plot 7 were due to the faet that the plowed soil had been 
enriched. In 1898 Plot 7 contained per acre in the surface soil (0 to 9 inches) 
about 600 pounds more nitrogen and 900 pounds more phosphorus than Plot 3. 
Even a rich subsoil has little value if it ies beneath a worn-out surface, 


Meruops or Liperatine PLant Foop 


Limestone and decaying organic matter are the principal materials which 
the farmer can utilize most profitably to bring about the liberation of plant 
food. The limestone corrects the acidity of the soil and thus encourages the 
development not only of the nitrogen-gathering bacteria which live in the nodules 
on the roots of clover, cowpeas, and other legumes, but also the nitrifying 
bacteria, which have power to transform the insoluble and unavailable organic 
nitrogen into soluble and available nitrate nitrogen. At the same time, the 
products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium, and also to dissolve the insoluble 
phosphate and limestone which may be applied in low-priced forms. Thus, in 
the conversion of sufficient organic nitrogen into nitrate nitrogen for a 100-bushel 
crop of corn, the nitrous acid formed is alone sufficient to convert seven times as 
much insoluble tricalcium phosphate into soluble monocaleium phosphate as 
would be required to supply the phosphorus for the same crop. 
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Tillage, or cultivation, also hastens the liberation of plant food by permit- 
ting the air to enter the soil and burn out the organic matter; but it should 
never be forgotten that tillage is wholly destructive, that it adds nothing what- 
ever to the soil, but always leaves it poorer. ‘Tillage should be practiced so 
far as is necessary to prepare a suitable seed bed for root development and 
also for the purpose of killing weeds, but more than this is unnecessary and 
unprofitable in seasons of normal rainfall; and it is munch better actually to 
enrich the soil by proper applications or additions, including limestone and 
organic matter (both of which have power to improve the physical condition 
as well as to liberate plant food) than merely to hasten soil depletion by means 
of excessive cultivation. 


PrerMANENT Sor [MPROVEMENT 


The best and most profitable methods for the permanent improvement of 
the common soils of Illinois are as follows: 

(1) If the soil is acid, apply at least two tons per acre of ground lime- 
stone, preferably at times magnesian limestone (CaCO,MgCO,), which contains 
both calcium and magnesium and has slightly greater power to correct soil 
acidity, ton for ton, than the ordinary caleium limestone (CaCO,) ; and continue 
to apply about two tons per acre of ground limestone every four or five years. 
On. strongly acid soils, or on land being prepared for alfalfa, five tons per acre 
of ground limestone may well be used for the first application. 

(2) Adopt a good rotation of crops, including a liberal use of legumes, and 
increase the organic matter of the soil either by plowing under the legume crops 
and other crop residues (straw and corn stalks), or by using for feed and bed- 
ding practically all the crops raised and returning the manure to the land with 
the least possible loss. No one can say in advance what will prove to be the 
best rotation of crops, because of variation in farms and farmers and in prices 
for produce, but the following are suggested to serve as models or outlines: 


First year, corn. 

Second year, carn. 

Third year, wheat or oats (with clover or clover and grass). 
Fourth year, clover or clover and grass. 

Fifth year, wheat and clover or grass and clover. 

Sixth year, clover or clover and grass. 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
coarse products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing (only the clover seed being sold 
the fourth and sixth years); or, in live-stock farming, the field may be used 
three years for timothy and clover pasture and meadow if desired. The system 
may be reduced to a five-year rotation by cutting out either the second or the 
sixth year, and to a four-year system by omitting the fifth and sixth years. 

With two years of corn, followed by oats with clover-seeding the third year, 
and by clover the fourth year, all produce can be used for feed and bedding if 
other land is available for permanent pasture. Alfalfa may be grown on a fifth 
field for four or eight years, which is to be alternated with one of the four; or 
the alfalfa may be moved every five years, and thus rotated over all five fields 
every twenty-five years. 
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Other four-year rotations more suitable for grain farming are: 


Wheat (and clover), corn, oats, and clover; or corn (and clover), cowpeas, wheat, and 
clover. (Alfalfa. may be grown on a fifth field and rotated every five years, the 
hay being sold.) 


Good three-year rotations are: 


Corn, oats, and clover; corn, wheat, and clover; or wheat (and clover), corn (and 
clover), and cowpeas, in which two cover crops and one regular crop of legumes 
are grown in three years. 


A. five-year rotation of (1) corn (and clover), (2) cowpeas, (3) wheat, 
(4) clover, and (5) wheat (and clover) allows legumes to be seeded four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 
fields if moved every six years. 

For the best production of seed in grain farming, alsike, sweet clover, or 
mammoth clover may well be grown. To avoid clover ‘‘sickness’’ it may some- 
times be necessary to substitute sweet clover or alsike for red clover in about 
every third rotation, and at the same time to discontinue its use in the cover-crop 
mixture. If the corn crop is not too rank, cowpeas or soybeans may also be 
used as a cover crop (seeded at the last cultivation) in the southern part of the 
state, and, if necessary to avoid disease (such as cowpea wilt) these may alternate 
in suecessive rotations. 

For easy figuring it may well be kept in mind that the following amounts 


of nitrogen are required for the produce named: 
1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 
1 bushel of corn (grain and stalks) requires 144 pounds of nitrogen. 
1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen, 
1 ton of timothy requires 24 pounds of nitrogen. 
1 ton of clover contains 40 pounds of nitrogen. 
1 ton of cowpeas contains 43 pounds of nitrogen. 
1 ton of average manure contains 10 pounds of nitrogen. 


The roots of clover contain about half as much nitrogen as the tops, and 
the roots of cowpeas contain about one-tenth as much as the tops. 

Soils of moderate productive power will furnish as much nitrogen to clover 
(and two or three times as much to cowpeas) as will be left in the roots and 
stubble. In grain crops, such as wheat, corn, and oats, about two-thirds of the 
nitrogen is contained in the grain and one-third in the straw or stalks. (See 
also discussion of ‘‘The Potassium Problem,’’ on pages following.) 

(8) On all lands deficient in phosphorus (except on those susceptible to 
serious erosion by surface washing or gullying) apply that element in consid- 
erably larger amounts than are required to mect the actual needs of the crops 
desired to be produced. The abundant information thus far secured shows posi- 
tively that fine-ground natural rock phosphate can be used successfully and very 
profitably, and clearly indicates that this material will be the most economical 
form of phosphorus to use in all ordinary systems of permanent, profitable soil 
improvement. The first application may well be one ton per acre, and subse- 
quently from one-half ton to one ton per acre every four or five years should be 
applied, at least until the phosphorus content of the plowed soil reaches 2,000 
pounds per acre, which may require a total application of from three to five or 
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six tons per acre of raw phosphate containing 12 to 14 percent of the element 
phosphorus. 

Steamed bone meal and even acid phosphate may be used in emergencies, 
but it should always be kept in mind that phosphorus delivered in Illinois costs 
about 3 cents a pound in raw phosphate (direct from the mine in carload lots), 
but 10 to 12 cents a pound in steamed bone meal and acid phosphate, both of 
which cost too much per ton to permit their common purchase by farmers in 
carload lots, which is not the case with limestone or raw phosphate. 

Phosphorus once applied to the soil remains in it until removed in erops, 
unless carried away mechanically by soil erosion. (The loss by leaching is only 
about 114 pounds per acre per annum, so that more than 150 years would be 
required to leach away the phosphorus applied in one ton of raw phosphate.) 

The phosphate and limestone may be applied at any time during the rota- 
tion, but a good method is to apply the limestone after plowing and work it into 
the surface soil in preparing the seed bed for wheat, oats, rye, or barley, where 
clover is to be seeded; while phosphate is best plowed under with farm manure, 
clover, or other green manures, which serve to liberate the phosphorus. 

(4) Until the supply of decaying organic matter has been made adequate, 
on the poorer types of upland timber and gray prairie soils some temporary 
benefit may be derived from the use of a soluble salt or a mixture of salts, such 
as kainit, which contains both potassium and magnesium in soluble form and 
also some common salt (sodium chlorid). About 600 to 800 pounds per acre of 
kainit applied and turned under with the raw phosphate will help to dissolve 
the phosphorus as well as to furnish available potassium and magnesium, and 
for a few years such use of kainit may be profitable on lands deficient in organic 
matter, but the evidence thus far secured indicates that its use is not absolutely 
necessary and that it will not be profitable after adequate provision is made for 
supplying decaying organic matter, since this will necessitate returning to the 
soil the potassium contained in the crop residues from grain farming or the 
manure produced in live-stock farming, and will also provide for the liberating 
of potassium from the soil. (Where hay or straw is sold, manure should be 
bought, as a rule.) 

On soils which are subject to surface washing, including especially the 
yellow silt loam of the upland timber area, and to some extent the yellow-gray 
silt loam and other more rolling areas, the supply of minerals in the subsurface 
and subsoil (which gradually renew the surface soil) tends to provide for a 
low-grade system of permanent agriculture if some use is made of legume plants, 
as in long rotations with much pasture, because both the minerals and the nitro- 
gen are thus provided in some amount almost permanently ; but where such lands 
are farmed under such a system, not more than two or three grain crops should 
be grown during a period of ten or twelve years, the land being kept in pasture 
most of the time; and where the soil is acid a liberal use of limestone, as top- 
dressings if necessary, and occasional reseeding with clovers will benefit both the 
pasture and indirectly the grain crops. 


ADVANTAGE OF Crop RorTaTION AND PERMANENT SysTEMS 


It should be noted that clover is not likely to be well infected with the 
clover bacteria during the first rotation on a given farm or ficld where it has 
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not been grown before within recent years; but even a partial stand of clover 
the first time will probably provide a thousand times as many bacteria for the 
next clover crop as one could afford to apply in artificial inoculation, for a single 
root-tubercle may contain a million bacteria developed from one during the sea- 
son’s growth. 

This is only one of several advantages of the second course of the rotation 
over the first course. The mere practice of crop rotation is an advantage, es- 
pecially in helping to rid the land of insects and foul grass and weeds. The 
clover crop is an advantage to subsequent crops because of its deep-rooting char- 
acteristic. The larger applications of organic manures (made possible by the 
larger crops) are a great advantage; and in systems of permanent soil improve- 
ment, such as are here advised and illustrated, more limestone and more phos- 
phorus are provided than are needed for the meager or moderate crops pro- 
duced during the first rotation, and consequently the crops in the second rota- 
tion have the advantage of such accumulated residues (well incorporated with 
the plowed soil) in addition to the regular applications made during the second 
rotation. 

This means that these systems tend positively toward the making of richer 
lands. The ultimate analyses recorded in the tables give the absolute invoice 
of these Illinois soils. They show that most of them are positively deficient only 
in limestone, phosphorus, and nitrogenous organic matter; and the accumulated 
information from careful and long-continued investigations in different parts of 
the United States clearly establishes the fact that in general farming these essen- 
tials can be supplied with greatest economy and profit by the use of ground nat- 
ural limestone, very finely ground natural rock phosphate, and legume crops to 
be plowed under directly with other crop residues or in farm manure. On normal 
soils no other applications are absolutely necessary, but, as already explained, 
the addition of some soluble salt in the beginning of a system of improvement 
on some of these soils produces temporary. benefit, and if some inexpensive salt, 
such as kainit, is used, it may produce sufficient increase to more than pay the 
added cost, 

Tue Potasstum PRoBLEM 


As reported in Illinois Bulletin 123, where wheat has been grown every year 
for more than half a century at Rothamsted, England, exactly the same increase 
was produced (5.6 bushels per acre), as an average of the first twenty-four years, 
whether potassium, magnesium, or sodium was applied, the rate of application 
per annum being 200 pounds of potassium sulfate and molecular equivalents of 
magnesium sulfate and sodium sulfate. As an average of sixty years (1852 to 
1911), the yield of wheat was 12.7 bushels on untreated land and 23.3 bushels 
where 86 pounds of nitrogen and 29 pounds of phosphorus per acre per annum 
were applied. As further additions, 85 pounds of potassium raised the yield to 
31.8 bushels; 52 pounds of magnesium raised it to 29.2 bushels; and 50 pounds 
of sodium raised it to 29.5 bushels. Where potassium was applied, the wheat 
crop removed annually an average of 40 pounds of that element in the grain and 
straw, or three times as much as would be removed in the grain only for such 
erops as are suggested in Table A. The Rothamsted soil contained an abundance 
of limestone, but no organic matter was provided except the little in the stubble 
and roots of the wheat plants. 
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On another field at Rothamsted the average yield of barley for sixty years 
(1852 to 1911) was 14.2 bushels on untreated land, 38.1 bushels where 43 pounds 
of nitrogen and 29 pounds of phosphorus were applied per acre per annum; 
while the further addition of 85 pounds of potassium, 19 pounds of magnesium, 
and 14 pounds of sodium (all in sulfates) raised the average yield to 41.5 
bushels. Where only 70 pounds of sodium was applied in addition to the 
nitrogen and phosphorus, the average was 43.0 bushels. Thus, as an average 
of sixty years the use of sodium produced 1.8 bushels less wheat and 1.5 bushels 
more barley than the use of potassium, with both grain and straw removed and 
no organic manures returned. 

In recent years the effect of potassium on the wheat crop is becoming much 
more marked than that of sodium or magnesium; but this must be expected to 
occur in time where no potassium is returned in straw or manure and no pro- 
vision made for liberating potassium from the supply still remaining in the soil. 
If the wheat straw, which contains more than three-fourths of the potassium 
removed in the wheat crop (see Table A), were returned to the soil, the neces- 
sity of purchasing potassium in a good system of farming on such land would 
be at least very remote, for the supply would be adequately maintained by the 
actual amount returned in the straw, together with the additional amount which 
would be liberated from the soil by the action of decomposition products. 

While about haif the potassium, nitrogen, and organic matter, and about 
one-fourth the phosphorus contained in manure is lost by three or four months’ 
exposure in the ordinary pile in the barn yard, there is practically no loss if 
plenty of absorbent bedding is used on cement floors and if the manure is hauled 
to the field and spread within a day or two after it is produced. Again, while 
in average live-stock farming the animals destroy two-thirds of the organic 
matter and retain one-fourth of the nitrogen and phosphorus from the food they 
consume, they retain less than one-tenth of the potassium; so that the actual 
loss of potassium in the products sold from the farm, either in grain farming or 
in live-stock farming, is wholly negligible on land containing 25,000 pounds or 
more of potassium in the surface 624 inches. 

The removal of one inch of soil per century by surface washing (which is 
likely to oceur wherever there is satisfactory surface drainage and frequent cul- 
tivation) will permanently maintain the potassium in grain farming by renewal 
from the subsoil, provided one-third of the potassium is removed by cropping 
before the soil is carried away. 

From all these facts it will be seen that the potassium problem is not one 
of addition but of liberation; and the Rothamsted records show that for many 
years other soluble salts have practically the same power as potassium to increase 
crop yields in the absence of sufficient decaying organic matter. Whether this 
action relates to supplying or liberating potassium for its own sake, or to the 
power of the soluble salt to increase the availability of phosphorus or other ele- 
ments, is not known, but where much potassium is removed, as in the entire crops 
at Rothamsted, with no return of organie residues, probably the soluble salt 
functions in both ways. 

As an average of 112 separate tests conducted in 1907, 1908, 1909, and 1910 
on the Fairfield experiment field in Wayne county, an application of 200 pounds 
of potassium sulfate, containing 85 pounds of potassium and costing $5.10, in- 
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creased the yield of corn by 9.3 bushels per acre; while 600 pounds of kainit, con- 
taining only 60 pounds of potassium and costing $4, gave an increase of 10.7 
bushels. Thus, at 40 cents a bushel for corn, the kainit paid for itself; but these 
results, like those at Rothamsted, were secured where no adequate provision had 
been made for decaying organic matter. 

Additional experiments at Fairfield included an equally complete test with 
potassium sulfate and kainit on land to which 8 tons per acre of farm manure 
was applied. As an average of 112 tests with each material, the 200 pounds 
of potassium sulfate increased the yield of corn by 1.7 bushels, while the 600 
pounds of kainit also gave an increase of 1.7 bushels. Thus, where organic 
manure was supplied, very little effect was produced by the addition of either 
potassium sulfate or kainit, in part perhaps beeause the potassium removed in 
the crops is mostly returned in the manure if properly cared for, and perhaps 
in larger part because the decaying organic matter helps to liberate and hold 
in solution other plant-food elements, especially phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown by chemical analysis that potassium salts and most other soluble salts 
inerease the solubility of the phosphorus in soil and in rock phosphate; also 
that the addition of glucose with rock phosphate in pot-culture experiments 
inercases the availability of the phosphorus, as measured by plant growth, altho 
the glucose consists only of carbon, hydrogen, and oxygen, and thus contains 
no plant food of value, but its decomposition yields organic acids, 

If we remember that, as an average, live stock destroy two-thirds of the or- 
ganic matter of the food they consume, it is easy to determine from Table A. that 
more organic matter will be supplied in a proper grain system than in a strictly 
live-stock system; and the evidence thus far secured from older experiments at 
the University and at other places in the state indicates that if the corn stalks, 
straw, clover, ete., are Incorporated with the soil as soon as practicable after they 
are produced (which can usually be done in the late fall or early spring), there 
is little or no difficulty in securing sufficient decomposition in our humid climate 
to avoid serious interference with the capillary movement of the soil moisture, 
a common danger from plowing under too much coarse manure of any kind in 
the late spring of a dry year. 

Tf, however, the entire produce of the land is sold from the farm, as in hay 
farming or when both grain and straw are sold, of course the draft on potas- 
sium will then be so great that in time it must be renewed by some sort of appli- 
cation. As a rule, farmers following this practice ought to secure manure from 
town, since they furnish the bulk of the material out of which manure igs pro- 
duced. 


CALCIUM AND MAGNESIUM 


When measured by the actual crop requirements for plant food, magnesium 
and calcium are more limited in some Illinois soils than potassium; and with 
these elements we must also consider the loss by leaching. As an average of 90 
analyses! of Dlinois well-waters drawn chiefly from glacial sands, gravels, or till, 
2 million pounds of water (about the average annual drainage per acre for 


Reported by Doctor Bartow and associates, of the Illinois State Water Survey. 
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Illinois) contained 11 pounds of potassium, 130 of magnesium, and 330 of cal- 
cium. These figures are very significant, and it may be stated that if the plowed 
soil is well supplied with the carbonates of magnesium and calcium, then a very 
considerable proportion of these amounts will be leached from that stratum. 
Thus the loss of calcium from the plowed soil of an acre at Rothamsted, England, 
where the soil contains plenty of limestone, has averaged more than 300 pounds 
a year as determined by analyzing the soil in 1865 and again in 1905. Prac- 
tically the same amount of calcium was found, by analyses, in the Rothamsted 
drainage waters. 

Common limestone, which is calcium carbonate (CaCO,), contains, when 
pure, 40 percent of calcium, so that 800 pounds of limestone are equivalent to 
320 pounds of calcium. Where 10 tons per acre of ground limestone was applied 
at Edgewood, Illinois, the average annual loss during the next ten years amounted 
to 780 pounds per acre. The definite data from careful investigations seem to 
be ample to justify the conclusion that where limestone is needed at least 2 tons 
per acre should be applied every four or five years. 

It is of interest to note that thirty crops of clover of four tons each would 
require 3,510 pounds of calcium, while the most common prairie land of southern 
Tilinois contains only 3,420 pounds of total calcium in the plowed soil of an 
aere. (See Soil Report No. 1.) Thus limestone has a positive value on some 
soils for the plant food which it supplies, in addition to its value in correcting 
soil acidity and in improving the physical condition of the soil. Ordinary lime- 
stone (abundant in the southern and western parts of the state) contains nearly 
800 pounds of calcium per ton; while a good grade of dolomitic limestone (the 
more common limestone of northern Illinois) contains about 400 pounds of eal- 
cium and 300 pounds of magnesium per ton. Both of these elements are fur- 
nished in readily available form in ground dolomitie limestone. 


PuysicaL IMPROVEMENT OF SOILS 


In the management of most soil types, one very important thing, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Not only does it impart good tilth to the soil, but it prevents 
much loss by washing on rolling land, warms the soil by absorption of heat, re- 
tains moisture during drouth and prevents the soil from running together badly ; 
and as it decays it furnishes nitrogen for the crop and aids in the liberation of 
mineral plant food. This constituent must be supplied to the soil in every prac- 
tical way, so that the amount may be maintained or even increased. It is being 
broken down during a large part of the year, and the nitrates produced are used 
for plant growth. This decomposition is necessary, but it is also quite necessary 
that the supply be maintained. 

The physical effect of organic matter in the soil is to produce a granulation, 
or mellowness, very favorable for tillage and the development of plant roots. If 
continuous cropping takes place, accompanied with the removal or the destruc- 
tion of the corn stalks and straw, the amount of organic matter is gradually 
diminished and a condition of poor tilth will ultimately follow. In many cases 
this already limits the crop yields. The remedy is to increase the organic-matter 
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content. by plowing under manure or crop residues, such as corn stalks, straw, 
and clover. Selling these products from the farm, burning them, or feeding 
them and not returning the manure, or allowing a very large part of the manure 
to be lost before it is returned to the land, all represent bad practice. 

One of the chief sources of loss of organic matter in the corn belt is the 
practice of burning the corn stalks. Could the farmers be made to realize how 
great a loss this entails, they would certainly discontinue the practice. Probably 
no form of organic matter acts more beneficially in producing good tilth than 
corn stalks. It is true that they decay rather slowly, but it is also true that their 
durability in the soil after partial decomposition is exactly what is needed in 
the maintenance of an adequate supply of humus. The nitrogen in a ton of corn 
stalks is 114 times that in a ton of manure, and a ton of dry corn stalks in- 
eorporated with the soil will ultimately furnish as much humus as 4 tons of 
average farm manure; but when burned, both the humus-making material and 
the nitrogen which these stalks contain are destroyed and lost to the soil. 

The objection is often raised that when stalks are plowed under they inter- 
fere very seriously in the cultivation of corn, and thus indireetly destroy a great 
deal of corn. If corn stalks are well cut up and then turned under to a depth 
of 514 to 6 inches when the ground is plowed in the spring, very little trouble 
will result. Where corn follows corn, the stalks, if not needed for feeding -pur- 
poses, should be thoroly cut up with a sharp disk or stalk cutter and turned 
under. Likewise, the straw should be returned to the land in some practical way, 
either directly or as manure. Clover should be one of the crops grown in the 
rotation, and it should be plowed under directly or as manure instead of being 
sold as hay, except when manure can be brought back. 

It must be remembered, however, that in the feeding of hay, or straw, or 
corn stalks, a great destruction of organic matter takes place, so that even if the 
fresh manure were returned to the soil, there would still be a loss of 50 to 70 
pereent owing to the destruction of organic matter by the animal. If manure is 
allowed to lie in the farmyard for a few weeks or months, there is an additional 
loss which amounts to from one-third to two-thirds of the manure recovered 
from the animal. This is well shown by the results of an experiment condueted 
by the Maryland Experiment Station, where 80 tons of manure were allowed to 
lie for a year in the farmyard and at the end of that time but 27 tons remained, 
entailing a loss of about 66 percent of the manure. Most of this loss occurs 
within the first three or four months, when fermentation, or ‘‘heating,’’ is most 
active. Two tons of manure were exposed from April 29 to August 29, by the 
Canadian Experiment Station at Ottawa. During these four months the organic 
matter was reduced from 1,938 pounds to 655 pounds. ‘To obtain the greatest 
value from the manure, it should be applied to the soil as soon as it is produced. 

It is a common practice in the corn belt to pasture the corn stalks during 
the winter and often rather late in the spring after the frost is out of the 
ground. This tramping of stock sometimes puts the soil in bad condition for 
working. It becomes partially puddled and will be cloddy as a result. If 
tramped too late in the spring, the natural agencies of freezing and thawing, 
and wetting and drying, with the aid of ordinary tillage, fail to produce good 
tilth before the crop is to be planted. Whether the crop is corn or oats, it neces- 
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sarily suffers, and if the season is dry, much damage may result. If the field is 
put in corn, a poor stand is likely to result, and if put in oats, the soil is so com- 
pact as to be unfavorable for their growth. Sometimes the soil is worked when 
too wet. ‘This also produces a partial puddling which is unfavorable to physical, 
chemical, and biological processes. The bad effect will be greater if cropping 
has reduced the organic matter below the amount necessary to maintain good tilth. 


Accessibility Statement 


The Natural Resources Conservation Service (NRCS) is committed 
to making its information accessible to all of its customers and 
employees. If you are experiencing accessibility issues and need 
assistance, please contact our Helpdesk by phone at (800) 457-3642 
or by e-mail at ServiceDesk-F TC @ftc.usda.gov. For assistance with 
publications that include maps, graphs, or similar forms of information, 
you may also wish to contact our State or local office. You can locate 
the correct office and phone number at http://offices.sc.egov.usda.gov/ 


locator/app. 

The USDA Target Center can convert USDA information and 
documents into alternative formats, including Braille, large print, video 
description, diskette, and audiotape. For more information, visit the 
TARGET Center’s Web site (http://www.targetcenter.dm.usda.gov/) or 
call (202) 720-2600 (Voice/TTY). 


Nondiscrimination Policy 

The U.S. Department of Agriculture (USDA) prohibits discrimination 
against its customers, employees, and applicants for employment on 
the basis of race, color, national origin, age, disability, sex, gender 
identity, religion, reprisal, and where applicable, political beliefs, 
marital status, familial or parental status, sexual orientation, whether 
all or part of an individual’s income is derived from any public 
assistance program, or protected genetic information. The Department 
prohibits discrimination in employment or in any program or activity 
conducted or funded by the Department. (Not all prohibited bases 
apply to all programs and/or employment activities.) 


To File an Employment Complaint 

If you wish to file an employment complaint, you must contact your 
agency’s EEO Counselor (http://directives.sc.egov.usda.gov/33081. 
wba) within 45 days of the date of the alleged discriminatory act, 
event, or personnel action. Additional information can be found online 
at http://www.ascr.usda.gov/complaint_filing_file.html. 


To File a Program Complaint 

If you wish to file a Civil Rights program complaint of discrimination, 
complete the USDA Program Discrimination Complaint Form, found 
online at http:/Awww.ascr.usda.gov/complaint_filing cust.html or at 
any USDA office, or call (866) 632-9992 to request the form. You 
may also write a letter containing all of the information requested in 
the form. Send your completed complaint form or letter by mail to 


U.S. Department of Agriculture; Director, Office of Adjudication; 1400 
Independence Avenue, S.W.; Washington, D.C. 20250-9419; by fax to 
(202) 690-7442; or by email to program.intake@usda.gov. 


Persons with Disabilities 

If you are deaf, are hard of hearing, or have speech disabilities and 
you wish to file either an EEO or program complaint, please contact 
USDA through the Federal Relay Service at (800) 877-8339 or (800) 
845-6136 (in Spanish). 

If you have other disabilities and wish to file a program complaint, 
please see the contact information above. If you require alternative 
means of communication for program information (e.g., Braille, large 
print, audiotape, etc.), please contact USDA’s TARGET Center at 
(202) 720-2600 (voice and TDD). 
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